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ABSTRACT
Complexity, size and sophistication of buildings, available
materials and resulting solutions for their assembly, as well as our needs
and expectations for flexibility and optimal performance of the built
environment and conservation of valuable resources, constantly increase, and
are likely to continue to do so in the future.
This document is based on the idea, shared by several individuals
over the past three decades, that if properly utilized, the systems approach
to building can for the greater part of the built environment lead to
solutions which are closer to meeting the personal, social and cultural needs
of the users.
This thesis however, is also based on the assumption that in
order for the full potential of systems building to be utilized it must
become particularly easy to incorporate building systems and subsystems,
selected from the open market, in the majority of the various building
projects. If this can be easily achieved, regardless of the size of the
projects or the size of the firm that is commissioned to design them, it is
believed that Systems Building shall be disassociated from the production of
a sterile and mass-produced type of built environment. At the same time its
beneficial influences related to speed, efficiency, quality and
sophistication of design, will be more generically felt and appreciated.
Substantial reorganizing of the building process is required so
as to allow design firms, users of the various building systems, to have easy
and affordable access to the increasingly large amounts of relevant
information. This enterprise, can be made possible today by the introduction
of the digital computer.
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This process is facilitated by the fact that computers are
already gaining rapidly ground in architectural firms, utilized primarily in
the performance of several repetitive tasks. Earlier developments in the area
of Architectural Computing are combined today with recent research in the
area of expert systems and artificial intelligence. These developments
combined with a significant decrease of the cost of the hardware of computer
systems, favor the utilization of such systems in the fragmented building
industry and the various architectural firms in particular.
The application of the systems approach to building provides the
theoretical foundation for the required changes in the building process in
order for increasing needs to be met. The introduction of the digital
computer provides the technological breakthrough which will enable the
required efficient manipulation of extensive information. Systems building
and computer developments in several ways complement each other, and from
their interface and parallel appropriate utilization, the building process
can be considerably influenced for the better.
This thesis introduces the notion of a Computer Based Building
System, which is the new improved product of the evolution of the
conventional paper based building system so as to meet the new standards in
the manipulation and transfer of information. It also focuses on an
appropriate Open Computer System for Architectural Practice prerequisite for
the utilization of a C.B.B.S. This computer system is open, modular and
integrated, and expands according to the needs of the firm. It can therefore
easily accommodate various C.B.B.S. depending on the needs of the individual
projects without particular effort from the project architect. The parallel
utilization of the Computer Based Building System and the Open Computer
System for Architectural Practice, provide an appropriate computing
environment for the application of Systems Building in Architecture.
The introduction to this document includes a personal statement
by the author which identifies the rationale and the ethos for presenting a
Computer Based Building System approach to designing in the built
environment. The core of the text is divided into three major sections.
Section one, contains background information on Systems Building and Computer
Applications in Architecture and the Building Process. Section two,
introduces the notions of the Computer Based Building System and the Open
Computer System for architectural Practice, components of the proposed
appropriate computing environment for the application of Systems Building in
Architecture. Section three, describes computer programs, components of the
C.B.B.S. and the O.C.S.A.P., developed over the past 18 months which
illustrate some of the principles presented in this document.
Thesis Supervisor: Patrick Purcell
Title: Associate Professor of Computer Graphics
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INTRODUCTION
The building industry, when compared with other production
industries, is unique in many ways, particularly in the separation of
the design function from the production facility and in its marked
fragmentation into various professions, trades, and manucturing
agencies. Among them, architects are responsible for making suggestions
within a given set of constraints, for the development or rearrangement
of the built environment, in order to make it more appropriate to suit
the users' needs.
However the intellectual process which is required for this
to be efficiently achieved, which we commonly tend to refer to as
design, cannot be automated, is very difficult to optimize and has no
apparent shortcuts, facts which make it very inspiring and challenging
for the individual that performs it, but at the same time very expensive
for the one who receives the services. This cost tends to be further
increased, the better and more meticulously the design process is
performed.
Furthermore the design services are still far more expensive
to the end user in buildings than in any other products which are
industrially produced.
This can be justified to a large extent by the fact that in
the building industry the design product, i.e. the building, is in
permanent relation to the ground. This fact prevents standardization
beyond a certain degree, and limits it to elements of a certain scale.
Furthermore the permanence of the structure introduces the need for some
organic relation with the ground. Both these constraints do not allow
the mass design and production of buildings like other industrial
products.
Thus the final product of the design process, the building,
is actually a prototype which will never be realized, i.e. industrially
mass-produced, and supplied to the users at a low cost due to economies
of scale.
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This implies that although the user is actually provided
with a product that is in several ways deficient as all prototypes tend
to be, he has to be subjected to increased expenditures for the design
services that have lead to the production of this prototype. Since the
end product is a single building the cost of the design is bound to be
only a fraction of the cost on the final product while in other
industries the cost of the design of an industrial product by far
exceeded the cost of every produced item that reaches the market and the
end users. Therefore although a building is for this reason likely to be
less efficiently designed than a car or an aeroplane, the user has paid
a larger percentage of its cost for this "inefficient "design.
These are some of the inherent difficulties in the efficient
design of buildings. Architectural design performed in the conventional
way, can produce very stimulating results and can lead to the creation
of very agreeable environments, however it is a very expensive process
which can only be applicable to a small portion of the built
environment.
Architects both in the past and today, like other
professional groups tend at large to provide their services to those who
can afford to pay for them and thus are practically limiting the scope
of their work to large projects, either commercial or public buildings,
or smaller buildings for relatively wealthy individuals who have the
means and the will to hire them.
Indeed it is a very stimulating experience to be involved in
the design of a project of such a magnitude or social importance, that
justifies sound research and a careful and meticulous design process
which is likely to pay off and be appreciated. However, this document
has not attempted to deal with this small portion of the built
environment which is currently being produced, as it always had in the
past, with quite satisfying results due to the direct relationship of
the architect with the client, and in some favorable cases has contained
architectural creations of the highest value per se which have been so
much praised throughout time. Instead this work focuses on that larger
II
portion of the built environment that currently isn't and cannot be
designed with the application of conventional architectural services due
to reasons previously discussed.
Historically, this environment was developed without the
consultation of a professional designer. In relatively static societies,
the user either by himself or with the aid of craftsmen build functional
structures of small scale which satisfied immediate needs. Decisions
were based on a very clear understanding of these needs, as well as a
very clear understanding of available materials and techniques, relying
on tradition and long evolving primitives which were to be repeated or
adjusted according to the specific requirements of the particular job.
This context was responsible for the production of what we now call
"folk" architecture which is so much admired today for its aesthetic
qualities and to which we so often turn for lessons on the apparent
hierarchy in the organization of space, in the organic relation with the
natural surroundings, as well as the significance of time in the design
and development of the built environment.
In modern times, in occasions where tradition still survives
and there is an uninterrupted culture within a particular environment
which dictates a system for building (both materials and process), a
common set of values defining need and standards of measuring their
satisfaction, as well a common language for the communication among the
various participants in the process, things work out pretty well and the
results are pleasing both to the users and to the observer. This, in
other words is the situation where a non designed building system exists
evolved from tradition. Examples of such an setup can be found in the
various "vernacular" environments in several parts of the world and
specifically in the U.S.A. in the stick-built, Balloon frame or platform
frame house which is the product of continuous evolution and gradual
industrialization of a building system for more than 200 years.
Unfortunately the occasions where such situations exist are
relatively rare, particularly in the western world. In most cases rapid
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economic development, a discontinuity in culture due to rapid social
change, as well as introduction of new needs and the resulting
technological breakthroughs and new materials and building techniques in
order to satisfy them, caused a great degree of confusion which is
vividly reflected in the built environment.
Indeed with the patterns of living rapidly changing to adapt
to a much faster pace with needs for much more efficiency and increased
productivity, our expectations from the built environment have too been
raised. We require more and more complex buildings with increased
expectations for optimal environmental performance, as well as
flexibility in order for them to be able to adapt to our constantly
changing needs. Furthermore we have a much larger variety of materials
and building techniques to select from and the designer is overloaded
with relevant information which he often finds himself unable to handle
efficiently.
More so the process of making optimal design decisions in
order to satisfy these constantly increasing expectations in an
environment which is constantly changing becomes increasingly difficult,
does not allow for the efficient utilization of precedent and past
experience, and for several cases can be described as an almost
arbitrary process.
The considerable cost of this process is rather unfortunate
for the majority of the built environment since it leads either to
oversimplification of the design process with obvious consequences or
alternatively to adoption of scenarios which totally exclude the user
from the decision making process.
Such strategies are responsible to a large extent for the
rather poor degree of satisfaction of users' needs form their immediate
built environment which characterized the majority of the built
environment produced today. There is indeed an urgent need to increase
the efficiency of the building process, which will result in a better
satisfaction of these needs.
Two alternative methods have been proposed which tackle this
13
urgent issue in a different way. One is participatory approaches and the
other is systems building. Extensive literature exists on both as well
as in ways they can be efficiently combined towards a optimal result.
Participatory approaches advocate that the solution to the
problem is to involve the end user in the decision making process. The
user has his own defined level of action within which he has freedom to
act and impose changes on the built environment that surrounds him. This
leaves the designer relieved from the burden of having to make the
decisions himself, and the user pleased with his immediate environment
which suits his needs better since he himself has made the decisions
according to his individual needs. Participatory approaches can be
particularly helpful in some contexts, especially for housing
applications.
However the modern world and especially the western world
does not always favor such approaches, since it does not tolerate the
resulting waste of resources which is necessarily implied by the fact
that an individual is directly responsible for the creation of his
immediate built environment. This is more so in cases where increased
mobility of the population due to cultural or working habits, does not
permit such a luxury, or some emergency urges the fast erection of a
large amount of buildings.
In these cases Systems Building is the only strategy that if
efficiently utilized can provide an answer. The goal is to increase
efficiency in the building process i.e. conserve less resources in the
creation or modification of the built environment and produce a result
which more accurately reflects the needs of its users.
This is achieved by standardizing smaller sections of the
buildings, building subsystems or functional units and industrially
producing them in a way that the design cost for each one final
component supplied in the market is significantly reduced while the
component is much more efficiently utilized. In a way it is an attempt
to achieve with smaller sections of the building what cannot be achieved
with the whole building for reasons previously described.
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The utilization of systems building has as an important side
effect the dramatic reduction of the cost of the design process. In this
case this reduction is achieved by automating the design process to a
large extent, since the utilization of a previously designed building
system relieves the project architect of the need to make these
decisions which are already much more efficiently designed and allow him
to be concerned with other aspects of the design.
Innovation with regard to computer applications in the
building industry has been occurring consistently over the past twenty
years, but initially their introduction had aped the traditional
piece-meal introduction of the innovations. However the major potential
for economies resulting from the development of computer systems along
side building systems is now being increasingly realized.
The combined utilization of building systems techniques and
the digital computer can automate and facilitate the application of
systems building in architecture to such an extent that architectural
services can become potentially available to a much larger portion of
the built environment which now cannot afford them.
More specifically one can name three fundamentally different
approaches when attempting to introduce computers in the building
process:
- The most obvious and modest approach is to accept the
general framework of a conventional design and construction process but
to develop various discrete application programs and systems which
replace certain manual design procedures within that process.
- A more ambitious approach is to replace the traditional
"paper format" design data bases by a comprehensive computer based
building description system. In other words drawing boards are replaced
with computer graphic terminals, and electronic processing of data
substitutes for paper and pencil techniques. By integrating a wide
variety of application programs with a building description system , an
integrated computer aided design system can be developed. Several such
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systems have been developed to date, with a considerable degree of
sophistication few of which have been serving as production systems with
considerable degree of success. Of these systems some are designed so as
to be more suitable to deal with a rationalized traditional environment
conceiving the building as comprised of standard details, while others
are more suitable to deal with component based building systems,
conceiving the building as an assembly of pre-determined physical
elements.
- A still more ambitious approach is to substantially
reorganize the whole design and construction process in order to take
fullest advantage of the potentials of computer-aided design. This is
sometimes referred to as computer computer-aided building.
This thesis investigates into the potential inherent in such
an approach. Both systems building and computer aided building attempt
to intervene in the building process and propose changes in the
traditional sequence in order to increase its efficiency. Systems
building provides the conceptual framework in order to attempt to
rationalize the building process so as for it to be able to cope with
the increasing demands imposed by our industrialized society. Computer
Aided Building attempts to utilize the current developments of computer
technology in the building process, proposing changes in the process
that will lead to best utilization of the advantages of the information
revolution.
The particular consideration in this document is the
promotion of an open system approach allowing the selection of a wide
variety of subsystems from the open market for the design of each
project and not restricting the architect in the utilization of closed
systems.
With the powerful and affordable tools provided by the new
generation of computers these methods can penetrate even the smallest
architectural firm and thus enable a much larger portion of the built
environment to benefit from the valuable contribution of architectural
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services, even if this implies for these occasions, the modification of
the traditional ans more resource consuming design process, in order to
adapt to the new needs and tools.
The proposed scenario allows the utilization of previously
designed building systems in the majority of the various building
projects regardless of their size or the size of the firm that will
design them.
Within this context, the parallel introduction of the
notions of the- Computer Based Building System and the Open Computer
System for Architectural Practice leads to the provision of an
appropriate computing environment for the application of Systems
Building in Architecture.
A Computer Based Building System is conceived as the product
of the parallel development of a building system and a computer based
information system. It therefore differs substantially from any existing
integrated CAAD system suitable for component building, since in these
cases the computer systems were developed after the building system had
been completed. This meant that these existing CAAD systems only
facilitate the use of already existing building systems and therefore
could be more accurately described as "computer aids for the use of
building systems". On the contrary a "computer based building system"
has the following advantages:
- There is a constant interaction during the development
stage between the teams working for the development of the various parts
of the system leading to several potential modifications of the physical
building system in order for the potential of the computer to be more
efficiently utilized. This extra set of considerations for the design of
the system is likely to lead to a more efficient and often much more
user friendly and easy to operate, final product.
- The development of a "computer based" Building System as
opposed to a conventional "paper based" building system not only implies
that the building system will be more easily used but also ensures that
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the system to be produced will be more efficiently designed, not only
because of the utilization of computer facilities in the process but,
above all, because the environment will impose early in the design
process the proper discipline and will ensure that the rules of the
Building system will be explicitly stated and their implications will
remain under control. Therefore great savings in resources are achieved
and the final project is both more efficiently designed and much more
easily used by the project architect.
However, in order for a C.B.B.S. to be utilized certain
preconditions must exist, among which the most critical is the existence
of a certain computing environment within the architectural firms which
will enable its use without difficulty.
Thus, this document introduces the notion of an Open
Computer System for Architectural Practice, which is an appropriate
modular and integrated computing environment in an architectural firm.
It is a realistic scenario for the efficient incorporation of the
potential of the digital computer within an architectural firm for the
acquisition and manipulation of information, based on existing hardware
and software facilities as well as the probable resources available in
an average firm.
This thesis is divided in three major sections. The first
section contains background information and is of no use to readers with
previous experience in Systems Building and Computer Aided Design. The
second Introduces the notions of a C.B.B.S. and a O.C.S.A.P., describes
their utility and interrelation and provides a scenario for the use of a
C.B.B.S. within a O.C.S.A.P. This section provides the theoretical
foundation for this document and is practically the core of this thesis.
The third section is a description of several computer programs written
within the Computer Resource Laboratory of the School of Architecture
and Planning at MIT over the last 18 months, which clarify some of the
principles and techniques presented in this document.
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SECTION 1. BACKGROUND : Information on Systems Building
and Computer Aids in Building
1. INTRODUCTION
This first section aims in the provision of the necessary
information which will allow the user that does not have previous
experience in these fields to briefly familiarize himself with the most
crucial issues in order to follow the rest of this document. The expert
reader is encouraged to move directly to section 2 where the main body
of this thesis commences.
However, it must be stated that this introductory section in
no way aspires to fully cover the vast area that these titles suggest.
The information provided has been compressed as much as possible and has
been provided in a way that serves the purpose of this document. There
is extensive bibliography associated to these heavily researched issues
and the reader is advised to look there for more information on these
areas.
The first part of this section addresses the issue of the
Systems Concept in Building and provides brief information in Systems
Theory, Systems Building, as well as Building Systems Development. The
second part of this section, provides information related to Computer
Aids in the Building Process. It first addresses earlier developments in
the area of Computer Aided Architectural Design as well as integrated
computer systems appropriate for Systems Building and then describes
more recent developments in the area of Artificial Intelligence and
Knowledge Engineering.
2. THE SYSTEMS CONCEPT IN BUILDING
2.1 Systems Theory
2.1.1 Introduction to "system"
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The systems concept was first developed by scientists.
Traditional analytical techniques relied on the isolation of the
smallest possible component of the object under study and therefore
failed to provide an accurate description of the whole when strong and
complex interrelations between components existed. Subjects which had to
be examined as organized wholes were given the general name "systems".
(9)
A variety of definitions exist, postulated by specialists in
various different fields:
- "A kit of parts with a set of rules to yield some desired
behavior".(3)
- "A set of parts to accomplish a set of goals".(5)
- "An array of components designed to accomplish a
particular objective".(6)
- "The assemblage of sybsystems or components united by some
regular interaction or interdependence aims at the understanding of
system as a functional whole".(2)
One can observe inherent similarities among these
definitions of the word "system":
- System consists of parts (components - subsystems).
- Parts interact with each other are assembled into system
and affect the performance of the system as a whole.
- System as a functional whole is to achieve a particular
goal.
There are five considerations to be regarded when studying a
system.(4)
- Total objectives of the system have to be well defined and
carefully stated and are unrelated to the systems performance.
- Environment of the system is what lies outside,-the
givens- of the system. The system is not isolated but it is surrounded
by other systems, which, although in some extent influence and determine
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how the system performs,are not affected by the system and therefore
form part of the systems environment.
- Resources of the system is what lies "inside" the system.
The system can change and use resources to its own advantage and for its
own functions and therefore should use them as efficiently as possible.
- The components of the system or subsystems, correspond to
the rational breakdown of tasks the system must perform. Within a
defined system it is important to identify the tasks which each
subsystem has to perform as well as the critical subsystems which have
the greatest effect on total system performance on which effect one can
base the determination of the subsystem hierarchy.
- The management of the system refers to the control of
operations and interactions within the system, so that it will work as
expected. The control not only implies the examination of system
operation to assure that plans are carried out in accordance with
original goals but also the evaluation of feedback, to improve system
performance.
2.1.2 The Systems Approach
The systems approach is an orderly procedure followed by an
interdisciplinary team in order to analyze and remedy problems (within
their defined context) which leads to optimized results. The systems
approach achieves this by avoiding traditional methods of independence
or ad hoc treatment of the elements involved and by conceptualizing a
process which utilizes many scientific and management techniques such as
project management, system analysis and operations research.
According to Herbert C. Auerbach(1) the systems approach can
be outlined as pragmatic, organized, empirical and theoretical.
It is pragmatic, since it is action oriented and its
products must respond to real world needs and all activities within the
system are oriented to meet these needs.
Organized, since the "system approach" method is primarily
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reliant upon organized managerial inputs and coordination of all
components and process in the system. Information and resources, inputs
into the system, are generally large and are required to be implemented
and controlled by interdisciplinary teams, comprising of specialists,
skilled professionals, system scientists, management scientists and
others while the interaction of this team must also be controlled.
It is Empirical since lessons are to be learned from
evaluation and feedback of previously implemented systems.
It is theoretical since in order to arrive to solutions,
theoretical models can be built and extended with respect to the
problems.
The proper technological and managerial applications of the
systems approach are strictly speaking only those situations requiring
serious consideration of the effects of interaction (between components)
Systems analysis and systems engineering (and also related disciplines
of operations research and management science) include techniques
developed specifically to identify, measure, describe and control
various kinds of interaction.(9)
Applications of the systems approach range considerably from
scheduling of toll-bridges, layout of production-mix for a company, to
missions of the aerospace industry. This approach is apparently more
useful on large scale projects,and several; proposals have been made to
use this approach in urban renewal;, improving the nutrition problem of
mankind, health systems, and many other problems.(7)
2.1.3 Steps in the Systems Approach
The systems approach is based on a set of ordering
principles and procedural rules. It is characterized by certain
procedures and by a certain sequence of steps or phases for attacking a
problem. The procedural rules corresponding to the various steps of the
systems approach are as follows:(10) Problem definition:
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This step requires the conceptual isolation of the system to
be studied. It consists of the determination and definition of the
problems which are generally associated with needs. Systems boundaries
are specified, thus the environment in which to work in as well as the
resources of the systems are defined. Through this understanding of the
system's context results a quantitative and qualitative statement of the
disparities between the actual state of affairs and what is desired or
ideal.
Goals:
Establishment of systems objectives in relation to those
problems. Each subsystem within the system studied must be defined in
terms of its components, activities, as well as interaction with other
subsystems. This implies recognition of every aspect and act which
involves the whole system as well as the fact that these sets of
components will function to accomplish the systems objectives and
contribute to the performance of the whole.
Analysis:
Generation of the greatest possible amount of information
about the problem, goals, evaluation criteria and modeling and the
quantitative and qualitative aspects of their components and
relationships.
Synthesis:
Generation of alternative ways to achieve systems
objectives. For each alternative measurement of system's performance and
feasibility under system's context and constraints.
Selection:
The selected alternatives with their supporting evidence are
presented to the decision-makers. They will evaluate these alternatives
in detail and chose one which best accomplishes the system objectives.
This should.result in the determination of the solution which in the
models most nearly meets the evaluation criteria.
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Implementation:
The execution of the selected solution in the real world.
Feedback:
Testing and evaluation of the results, referring to the
performance of the whole system and more specifically addressing the
issue of how well the system has been developed and how well its actions
can be monitored. This is for the purpose of validation and feedback to
the system. As a consequence, decisions can be modified and better
decisions can be made in each stages. This, in turn, will modify the
solution and improve the subsequent results.
2.1.4 References
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2.2 Systems Building
2.2.1 A Systems Approach to Building
The Systems Approach was first applied to building 20 years
ago, first to housing and school programs and then to other building
types, e.g. hotels, shopping malls, office buildings etc. This
methodology was concerned with the total process of building, its
context, management and resources. Total process here means every stage
from the identification of the need or demand, to the completion of the
building and its effective life use.
Thus, the whole building process, as well as its management
and operation, was subjected to disciplined and scientific methods of
planning, design, building procurement and construction, a fact which to
a large extent is achieved by cooperation among the various
professionals involved in the building process. This brings into play
the main characteristics of Systems Building, i.e. coordination and the
utilization of a scientific management system in order to define,
analyze and realize the developments of buildings and building projects.
The system approach to building, is concerned with the
integration of both process and product of building by the use of
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scientific management techniques involving organized research and
development to result in a rational model for guided invention. It
converts scientific knowledge into applied technology by means of goal
oriented processes within clearly defined contexts and constraints of
function, cost and time.(3)
One can indicate two main features in this approach: Goals
are clearly stated in performance rather than prescriptive terms, and
the interrelationships of subsystems within the overall system are
explicitly emphasized.
Prerequisites for the application of the systems approach to
building:(2)
There is a need to broaden the concepts of "building
industry" and "professionals" so that they take in to account all
activities involved in the entire building process and leave room for
feedback in the process for improvement or modification.
The construction industry due to growing demands and new
needs should support the development of a management system as a
disciplined approach towards solving its problems. This will enable the
industry to perform important areas essential to its productive growth:
- Handle large volume construction according to growing
marker demands.
- Manage, evaluate and coordinate a broad interdisciplinary
team required to deal with multi-faceted and multi-level problems
inherent in the entire process.
- Measure and evaluate its own performance, resulting in
modification and improvement of its methodology.
As stated in 2.1.3 the basic steps of the systems approach
are : Problem definition, Establishment of goals, Analysis, Synthesis,
Selection, Implementation and Feedback. The diagram (2.2.1) illustrates
clearly the major aspects and stages involved in the application of the
systems approach to building i.e. the systems building process.
At the outset "Systems Building" is conceived in the context
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of an assumed "market place" of supply and demand. This market
comprises, on the one hand, the consumers or users of the future
buildings, whose needs and requirements have to be identified and the
resources available to meet them, on the other.(4)
To bring both parts into a satisfactory balance entails that
each is expressed in measurable terms. Measurement is a vital
consideration in the prediction and control of implementation.
Identification of needs requires an understanding of people, their
activities, the equipment they use, the spatial configuration necessary
to accomodate these, and the environmental conditions to be satisfied.
Most of these can be expressed in measurable terms of quantity and
quality.(9)
This information can then be translated to describe the
range of performances required on the built environment. The
descriptions state how the solution must perform and not what it must
be.
The resources available to meet specified needs include
manpower skills, finances, materials, land, machinery, organization
methodologies, administration and management.
With data assembled for both perceived needs and available
resources, it is then possible to enter the stages of analysis and
ultimately synthesis. This is the modeling phase, using the techniques
such as cost analysis, structural calculations and perhaps even
mathematical models to stimulate the performance of alternative
solutions before evaluation and selection of one solution or solution
range. Thus alternative possibilities are explored and generated.(5)
The alternative which is considered the most accurate
assessment of the intended results will be selected under the guidance
of the evaluation criteria, followed by the implementation stage. this
is the manufacture of the parts of buildings and their assembly at the
site. The result at this stage is not necessarily a building system, it
can be an acceptable range of building systems to be tested or a process
to be implemented, or even the design of a new institutional structure,
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e.g., financing, or planning etc.
Thereafter, buildings are occupied, used, and/or tested, and
subsequently can be evaluated against the goals, objectives and
predictions of the conceptual models.
2.2.2 Advantages of Systems Building
Herbert C. Auerbach,(1) stated vividly the advantage of
"Systems Building" as the following:
" The realization of the 'Management System' and the
'Systems Approach to Building' will make it possible for
the industry to take full advantage of the diversified
products and talent available on a competitive basis in a
free market economy. It provides the vehicle through which
the best manufacturing capabilities, professional services
and new technology could be integrated to produce the
optimum solution. "
The promises of systems building can be viewed differently
and in any aspects. However, the most significant problems facing
building process, design, construction are the main reasons for using
systems building :
- Buildings as part of a system of alternative designs can
be extremely flexible. Also compatible building production provides the
performance ability to accommodate change in a pre- determined and
technically coordinated manner.
- There are significant savings in construction time and
material costs as result of the efficient assembly of subsystems and the
use of new prebidding procedures.
- There are savings in design time through the use of
performance specifications, instead of conventional prescriptive
specification documents.
- Total costs are usually expected to be less than those of
conventional construction, owing to the use of standardized products and
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due to scheduled time savings in procurement and assembly.
Principally systems building should result in greater
flexibility, higher production quality and efficiency, rapid scheduling,
and economy in design and construction.(7)
Concluding, the application of the systems approach to
building enables one to step back, examine existing situation, identify
needs and available resources assign legitimate and appropriate goals
and collect manipulate and analyze information that will be essential in
order to address the problem in an efficient and rational way. The stage
of synthesis that follows, based on the appropriate analyssis,
identification of needs and definition of goals and utilizing scientific
management techniques is likely to lead to proposals that encourage
innovation and indicate objectively those solutions that most
efficiently satisfy the identified needs, with the minimum waste of
resources.
Thus, the application of the systems approach to building,
results in higher degree of rationalization and more efficient
utilization of applied technology and available resources.
2.2.3 Systems Building and Building Systems
The term system may be understood in two ways; as a verb or
as a noun. As a verb it refers to a way of doing something. As a noun it
describes a collection or set of objects and their dependent
relationships. In other words a system may be a process (software) or a
product (hardware); a "set of rules" as well as a "kit of parts".
Coincidentally, the term "building" has exactly the same ambiguity. It
may refer either to the construction process or to an artifact that
results from that process.(8)
When applied to building a system may refer to an
organization of activities, as in a prefabricating system or to an
organization of physical elements, as in a structural system i.e.
32
"Systems Building" and "Building Systems".
The terms "Systems Building" and "Building Systems" need to
be differentiated and are defined as follows:(6)
"Systems Building" is a process of project development
dealing with its planning, design, procurement, production and erection
in explicit steps and procedures. By means of Systems building, the
building process is organized, analysed and realized as a whole.
A "Building System" is the organization of tasks, resources
and parts which, when integrated in a pre-engineered manner, results in
methods for the construction of buildings and the creation of
environment.
While the systems approach to building (or systems building)
relates to the way of achieving and of applying systems, a system for
building (or building system) relates to a particular technical
procedure of physical procurement and assembly.
"Systems Building" viewed as a building "process" should be
able to respond to various context variables, as for instance, varied
physical, economic, political, social and technical conditions that may
exist in a Country or a specific situation. Conversely, "Building
System" viewed as a building "product" or "hardware", is designed solely
to work within a given context. The development of a specific
prototypical "Building System" is the result of the application of
"Systems Building" techniques which are principally "software". Systems
Building if properly developed is supposedly applicable universally,
although the specific hardware which results from its use may not be so.
The evolution of systems building as well as building
systems has tended towards increasing rationalization of the building
process and products, with the goal of more efficient organization of
task, resources, and integrated building components, all combined in a
pre-planned, pre-coordinated and pre-engineered manner.
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2.3 Building Systems Development
2.3.1 Introduction to Building System
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Generically speaking, the notion of building systems in its
modern sense has its source in the radical change brought about by the
industrial revolution and its subsequent effects on materials, building
products, processes and design in construction. A distinction should be
made between traditional construction systems which refer to the
conventional process of assembling traditional building elements on the
site by cutting, fitting, bending, etc., and industrialized building
systems which refer to either fully compatible pre-engineered elements,
or total building packages.
A building system simply means a kit of building parts with
sets of rules for their assembly into total operating systems in order
to yield some desirable level of performance.(l) The inter-relation and
coordination among the various building parts of the Building System,
allowing them to be assembled into a wide variety of building forms,
indicates the difference from conventional buildings where the building
parts have only the capability of being assembled into one
configuration, i.e. the building for which they were designed. The value
of a building system lies in the characteristics of its elements that
are made compatible within the system.
Classification of Building systems is normally based on
"type specific" rather than "material specific" consideration. This is
because most building systems are capable of being realized by more than
one material, and systems depending on a single material for their
design are rare. Consequently the conventional way of classifying
building systems is generally based on the type of structural support
system, i.e. post and beam, panel system, box or volumetric (space
enclosing) system. In addition any of the preceding systems can be
classified as either "open" or "closed" system.(7)
Deciding among an approach for open or closed building
system is an important issue for a systems building program. Indeed,
during the last decades, two distinct but related approaches to the
development of industrialized building have emerged, known as the "open"
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versus "closed" approach to industrialized construction. Along with the
mechanization and rationalization of conventional / traditional
construction practices and process, the evolution of open and closed
systems was accompanied by progressive industrialization and
prefabrication of components, elements and structural systems as well as
complete, whole building systems.(4)
In a closed building system, its sub-systems, components and
parts are compatible only with the other subsystems constituting that
particular program and are not interchangeable or transferable to
another system. The choice of a closed systems approach offers two
possible alternatives in its system design:
i) System designers design the required building system in a
completely prescriptive manner and have industry bid against system
designs and specifications. This approach requires establishment of a
large technical bureaucracy and limits the concept, technique and
quality of the system designed, by the skill of the design team.
ii) A system team prepares a performance specification for
requisite subsystems and requires the bidders to bid in closed teams for
all subsystems, with a general contractor.
In an open Building System, its subsystems, components and
parts are interchangeable with other systems. Implicitly, the desired
interchangeability of subsystems and their use for numerous alternative
combinations of plans and / or geometrical forms for projects varying in
size and design is the reason which had led to the development of more
or less open systems.
Subsystems of an open system are usually of different origin
and can be arranged to form a number of compatible combinations, i.e.,
their use is not confined to a single system. he more "open" a building
system is, the more its coordination principles allow for
interchangeability of subsystems and components, and, by this
characteristic, provide for increased planning flexibility and the
possibility of variability during the life-time of the building.(2)
36
Sybsystems Compatibility and Systems Integration
The essence of a building system lies on its concept of
building, comprised of a number of subsystems, which collectively form a
whole system. Subsystems can be defined, physically integrated,
dimensionally coordinated, installed series of parts which function as a
unit without prescribed performance limits.
In any building system design, it is very important to
define and document the general requirements and functions for each
respective subsystem, in terms of the constraints imposed by the program
and resources available and to define their generic properties in terms
of performance standards.
In subsystem design and development, the integration of
subsystems into a total system, which requires their mutual
compatibility is of importance. The required compatibility and mandatory
interfaces for each subsystem are principally stated in the performance
specifications. The careful description of mandatory interfacing
responsibilities between subsystems is the key to success in assuring
high quality, cost and time performance, without resorting to the use of
a closed system.
It should be clear that the essential qualities of a good
system lie in its subsystem integration and compatibility. The criteria
for achieving compatibility are interrelated performance
characteristics, convention of physical interfacing, application of
dimensional systems and modular coordination, respect for spatial and/or
technical norms and standards, control of joints and interfaces,
versatility of components' joinery and so called "by passing" systems.
In system design and procurement, a set of coordinating
principles is therefore to be established as a basis to assure mutual
compatibility compatibility between structure, wall/partitions,
equipment/furniture, mechanical service, infrastructure and space. All
elements which make up the subsystems must be capable of being
integrated within the rule system of the modular grid and the
dimensional criteria chosen, including dimensional range, the
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2.3.2
accommodation of all possible junctions and joints, tolerance allowances
and handling ease.
A systems set of coordinating principles therefore, is
comprised of the dimensional system, the basic module and modular
increment, and planning grid. Once these principles are established,
then it is possible to proceed with the design of subsystems and their
components. Each element, e.g., structure, non-bearing elements,
equipment/furniture, mechanical, electrical service can be conceptually
designed separately. Within the discipline of modular system, it is made
possible to design each as discrete, but still mutually compatible sub-
systems.(5)
In summary therefore it is mandatory for each subsystem to
adhere to the rules of modular and dimensional coordination, including
joint and tolerance allowances, and to conform with all engineering
requirements, as well as applicable codes and regulations.
2.3.3 Management Coordination in System Design (6)
In order to develop an effective building system
collaboration between building product manufacturers is essential.
Diverse industrial groups and fragmented conventional practice are now
called upon to cooperate much more closely with each other in order to
solve the new problems that have emerged and require new products;
problems that none of them has been equipped before to solve alone. In
the systems approach, manufacturers, developers, contractors and
sub-contractors are formed into a group with a management consultant as
their coordinator. The success of building systems development relies
upon industrial cooperation.
In practical terms, a coordinated group has been usually
composed of two or more separate manufacturers from different product
lines who have pooled some of their resources at managerial, sales and
technical levels. Once established, one manufacturer may act as the
group leader, or the group may choose to retain a consultant project
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manager to coordinate their activities.
Having formed the group and established the role of the
manager, various advantages emerge:
i) The project manager is -say- four firms who speak to the
owner with one voice. Queries can be made and answers analyzed from four
viewpoints all at once.
ii) The advantages and disadvantages of any of the owner's
requirements can be assessed, and changes can be requested responding to
the needs of all the members of the group simultaneously.
iii) The net result of this approach is a decrease in the
total bid cost, i.e., the group bid.
iv) To operate firms as a group is not useful only for
reaching a satisfactory solution to system design, but stimulates a
continuation of cooperation between the members of the group as an
entity into the vital production and erection phases as well. If there
is no pre-coordination, a system may fail due to continuous and
uncoordinated modifications after the termination of the design stage.
Other ways to coordinate building systems development
programs are possible which are not necessarily dependent upon an owner
to prepare performance specification and invite bids. The initiative may
also come from a design group with industrial participation invited on
the "promise" of a market for their products. At any case however, needs
for coordination are similar,and systematic formalization of the design
and execution process in building require coordinated management and
sound research for solving the complex problems of performance
requirements.
2.3.4 Developing the Hardware of a Building System (3)
Building systems design is significantly different from
individual building design, and thus traditional design procedures are
not applicable. A failure to recognize this can lead to frustrating and
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costly development experiences. The difference between building systems
development and traditional building design stems from two causes:
i) System solutions are not specific to any one building
problem.
ii) Systems require sound research and development, major
commitments during all phases of the process.
Systems building programs take one of two general forms:
- They can be primary or developmental systems building
programs, developed from scratch. In this case new performance
statements are written, large markets are organized to accommodate the
new building products, developed by manufacturers a fact which results
in the hardware procurement by manufacturers.
- They can alternatively be secondary systems building
programs, exploiting the speed, economy, flexibility and quality of
building systems programs already developed under the primary programs.
These secondary programs need little research and development, and
therefore they can thrive on smaller markets than developmental
programs. This brings us to the notion of the "second generation
building system" which is in fact a successful application of a
developmental - first generation building system after appropriate
alterations or modifications on a different context.
In the planning / design of a building system, each sub-
system, its components, elements, pieces of equipment, service etc.,
must be conceived on the basis of overall system requirements, which are
conceptual programmatic, practical and serve the goal established by the
program for which satisfaction of user needs and requirements is a
primary concern.
There are a number of basic considerations in building
systems design, to mention a few:
- All system elements should favor as much as possible
"open" combinations.
- A building system must be capable of expansion, both
40
horizontally and vertically.
- Full flexibility of all service media i.e.ducts, pipes,
wiring etc. is desirable, both vertically and horizontally, without
unnecessary and undue modification of the basic structural elements.
- Provision should be made for suitable tolerance allowances
arising from different production and / or assembly methods.
The editors of "industrialization Forum" have proposed
guidelines for system hardware developments consisting of the following
steps:
Step 1 : Form the System Development team.
Step 2 : Check-out the potential market.
Step 3 : Analyze the Building Types within the market.
Step 4 : Analyze and evaluate existing systems.
Step 5 : Commence System Design.
Step 6 : Make a formal check of the system design.
Step 7 : Start field Tests.
Step 8 : Make Major Management Decisions.
Step 9 : Start Production.
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COMPUTER AIDS IN BUILDING
3.1 Computer Aided Architectural Design
3.1.1 Integrated Design Systems
A key consideration in identifying an integrated system is
the location of the primary information store of the user organization.
A design office, prior to its adoption of computing techniques, will
have information stored in the heads of its staff, catalogues of product
literature, files of drawings, and on library shelves. When computers
are introduced into design offices they provide a further depository for
information used by designers.
In executing any design function, a designer will call on
information stored in any of these ways, and will abstract the subset of
information relevant to the function, operate the function, access
results and will use the resultant information to modify the preceding
state of information. This pattern of information flow is familiar in
fixed, function-centered information computing systems; these systems
are set up to perform specific tasks, the designer then brings
information to the system and assimilates results with all the other
manual processes involved in designing buildings.
An integrated design system is based on a central database
for the storage of all sorts of design data: it is intended to aid
coordination and enforce consistency while enabling all members of the
design team to work with the most recent information.
An integrated computer-aided design system consists of three
components:
i) The design Database.
ii) Procedures for manipulating and interrogating the
database.
iii) The hardware and software implementation.
The design database itself describes the project in terms of
(a) "entities", (b) associated "attributes" and (c) "relationships"
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between the entities. The particular method of geometric description
utilized in an integrated Computer Aided Design System is an important
feature of the system, which determines to a large extent its
performance and its suitability for particular applications. In
principle, integrated systems are intended to serve as the primary
information store to the user organization. The designer poses queries
on a building description contained in a computer, identifies functions
which are to be performed on the description, and the system is
responsible for finding the data relevant to the query or function, and
is responsible for assimilating results with pre- existing data. The
principle aims in designing such a database are:
i) Comprehensiveness - it should describe all relevant
aspects of the design.
ii) Non-redundancy - information should be stored once only.
This distinguishes the integrated system from a set of drawings where
information is duplicated many times, and the possibilities for
incompatibility are manifold.
iii) Consistency - the data should represent a feasible
building, not a jumble of nonsence.
iv) Availability - the design database should be available
to all disciplines all the time , so that everyone is working with the
most up-to-date information.
Of these aims consistency is probably the hardest to pin
down and achieve. It is semantic requirement which can only be defined
in terms of the meaning of the data (unlike non - redundancy which is
much more a logical property of the data structure).
The effects of such data-centered systems are evident in the
reduced amount of data-preparation required from users, and in the
reduced amount of data output which has to be vetted by users. Instead,
these systems support a dialogue between designer and computer, relating
the designer's interests to all the information stored in the machine,
and enabling the designer to explore alternative design actions.
Integrated, data-centered systems are dependent on a very close bond
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(a) Scheme for a villa from
J. Gwilt's Rudiments of
Architecture (18261
(b) Regular (squarel grid representation
Advantages: Conceptual simplicity
Ease of implementation using
array handling facilities of
common programming languages
Spatial consistency is automatically
maintained (since space is
explicitly represented)
Many geometric computations. e.g. computing
areas, testing for adjacency of spaces.
are made simple
Disadvantages: Tends to consume xcessive
storage
Imposes ageometric discipline
which may be inappropriate for
many applications
Typical
applications: Automated floor plan layout programs
Description of highly modular
buildings
(c) Hierarchical array form of square
grid representation
Advantages: Preserves many of the advantages
of the simple square grid representation.
while allowing relatively economical
representation of fine detail
Disadvantages: Tendt to be difficult to implement
and manipulate, especially if the
programming language employed does
not incorporate the necessary
facilities
Typical
applications: No architectural applications reported
Mobile automata
(dl Dimensionless representation (of solids and voids)
in conjunction with dimensioning vectors
Adventas: Like the hierarchical array.
preserves many of the advantages
of the simple square grid representation.
while allowing relatively economical
representation of tine detail
Straightforward to implement and
manipulate using array handling
facilities of common programming
languages
Disadvantages: Not well suited to description
of non-rectilinear forms
Inefficient for description of
very complex shapes
Typical
applications: Comprehensive description of
buildings of basically rectilinear
geometry
Dimensional optimization programs
Comparison of different methods of geometric description. (part 1)
Source : William Mitchell, 1977, "Computer Aided Architectural Design."
p 218
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(a) Dimensionless representation (of spaces)
in conjunction with dimensioning vectors
Advantags Extremely efficient method fur
2 2 2 2 2 description of rectilinear forms
Preserves most of the advantages
of the simple square grid representation3 4 6 1 a e 2 Separation of shape description
from dimensional information facilitates
efficient enumeration of generic
a a a s a plan forms
Disadvantages: Not well suited to description of
non-rectilinear or complex shapes
applications: Comprehensive d scription of buildings
-Q - -- of basically rectilinear geometry
Automated floor plan layout programs
Dimensional optimization programs
1 3 13
(f) Poligon (or polyhedron) representation
Advante: Very general and flexible, imposes
few restrictions on geometry
A large amount of research as been
devoted to development of data
structures and algorithms for handling
this type of representation
Well suited to production of graphic
output
Disadvantage_: Sophisicated polygon or polyhedron
representations tend to require the
support of complex and extensive
software
Implicit, rather than explicit
representation of spaces causes
serious difficulties in computing
intersections, overlaps, adjacencies. etc.
Typical
applications: Comprehensive building description
Graphics production applications
Spatial synthesis applications
Various engineering applications
(g) Dual graph representation
Advantages: Directly and efficiently represents
adjacencies between spaces
May be used as a basis for
certain floor plan layout techniques
Can represent a floor plan concept
before shape or dimension decisions
have been made
Disadvantages: Essentially describes topology, and
does not form a very convenient
basis for developing a
geometric description
Typical
applications: Representation of very early layout
concepts
Automated floor plan layout programs
Traffic or heat flow analysis
(h) Smith diagram lor Teague network) representation
Advantages: Very efficient for description
of rectangular geometries
Allows exploitation 91 the
"electrical network" .nalugy
Disadvantages: Restricted to rectangular
geometries
Typical
applications: Comprehensive d scriptiin of
- --- -buildings of basically rectangular
geometry
Automated floor plan layout programs
which exploit the "electrical
network" analogy
Comparison of different methods of geometric description. (part 2)
Source : William Mitchell, 1977, "Computer Aided Architectural Design."
p 219
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(a) (b)
(c) (d)
Examples of high rise office buildings and their dimensionless
representations. (a) Sears Tower, Chicago, (Skidmore, Owings and
Merrill). (b) Place Victoria, Montreal (Luigi Moretti and Pier Luigi
Nervi). (c) One Charles Center, Baltimore (Ludwig Mies Van Der Rohe).
(d) Thyssen-Rohrenwerke office, Dusseldorf (Hentrich and Perschnigg).
Source : William Mitchell (1977) Computer Aided Architectural Design. p
181
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between the logical structure of a system and a user-organization's
practices. The man-machine interface is crucial, and has to function
successfully both in terms of shared knowledge available to the designer
and the computer, and in terms of the vehicles which are used for
conveying that knowledge, such as interactive graphics.
3.1.2 Criteria for Classification of C.A.A.D. Systems
Existing C.A.A.D. systems may be classified by the
restrictions they place upon their project descriptions so as to
simplify their implementation. The fact that a system incorporates a
particular restriction is not a criticism of that system: it reflects
the system designer's abstraction of a relevant feature of the context
into which the system will have to fit. (1) The four restrictions which
in various combinations, have so far been used by systems designers are:
1. Dimensionality : Most systems treat all spatial
directions equally, and are thus fully three dimensional. However, some
systems have regarded the vertical direction as subordinate to the two
horizontal directions, and are thus termed " Two and half dimentional".
Such a restriction, which may be appropriate for describing sites of
single stories, permits many geometrical operations to be performed in
2D space and thus may lead to substantial simplifications.
2. Orthogonality : Most systems model the physical building
as a set of cuboids, whose faces are each perpendicular to an axis. As
compared to other systems which use some form of polyhedron as a
modeling element, they benefit from both a simplification of all
geometrical operations, and a significant reduction of storage space,
since only six coordinates are required in order to specify the position
and size of a paraxial cuboid. The use of paraxial cuboids as modeling
element although permitting the system to describe non-orthogonal
building geometries, imposes several limitations in this description
since all interactions between elements must occur in paraxial planes
and therefore foundations on sloping sites or junctions between roof
pitches are forbidden.
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3. Sparseness : Most systems are designed to describe
arbitrarily complex buildings, and thus to process descriptions that
contain large number of elements. In their design therefore much
attention is paid to compressing the descriptions and eliminating
redundant or superfluous information. On the other hand systems whose
context requires only "sparse" descriptions with a limited number of
elements are able to simplify the implementation of many operations by
maintaining fully explicit, highly redundant descriptions of each
element.
4. Discreteness : (16) A discreteness restriction constrains
the attributes of an element to be unaffected by the addition,
modification, or removal of the neighbouring element. In some cases,
this restriction is re-inforced by factoring out from all instances of
an element all information except position, orientation and element
type. Systems intended for rationalised traditional context, on the
other hand, cannot in general exploit this restriction because they have
to represent elements whose attributes are largely determined by their
relationship to their neighbours.
Based on the previously described criteria and according to
the restrictions imposed to the user in order for the efficiency of the
system to be increased, a set of particularly significant C.A.A.D.
systems developed over the last 15 years may be classified as shown in
the following table:
SYSTEM DIMENSION ORTHOGONAL SPARSE DISCRE
OXSYS (6,10,11) 3 YES NO YES
CEDAR (3,4,5,13) 3 YES NO YES
BDS (7,8,9) 3 NO NO YES
LRHD (2,11) 3 YES NO NO
HD (2) 2.5 YES YES NO
SL (2) 2.5 NO NO NO
PIM (15) 3 NO YES NO
TE
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It is interesting to note that each system embodies at least
one of these restrictions and that most production systems embody two.
Current research in C.A.A.D. is aimed at developing techniques in each
of these areas which will permit systems to be based less onerous
restrictions, and thereby to gain applicability in a wider range of
contexts. The wide range of currently available C.A.A.D. systems in the
market are presented through a set of tables (1) which provide a brief
description of the essential features of each system.
3.1.3 References
1. ACADIA Conference Proceedings. (Spring 1985).
2. Bijl Aart, Stone David, Rosenthal David, (1979) "Integrated C.A.A.D.
Systems" p(4-1 - 4-2)
3. Braid I.C. (1975) Six Systems for Shape Description and
Representation - A Review" University of Cambridge CAD Group document
87, may 1975.
4. Chalmers J. (1972) "The Development of CEDAR" Proceedings of
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5. Chalmers J., Sampson P. & Webster g. (1974) "Data Structure Used in
CEDAR" in Programming Techniques in CAD" Sabin. M. (ed) National
Computer Centre.
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Proceedings of the International Conference on Computers in
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Physical Planning, Carnegie-Mellon University.
10. Eastman C. (1975) "General Purpose Building Description Systems"
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14. Purcell Patrick A. (1975) "Computer-Aided Architecture in the United
Kingdom," in N.Negroponte (ed.), Computer Aids to Design and
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15. Richens, P. (1974) "OXSYS: Computer-Aided Building for Oxford
Method." Cambridge, England: Applied Research of Cambridge.
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3.2 Computer Aids in Systems Building
3.2.1 Introduction - Principles
The rapid and extensive development of computer aided design
methods was undoubtly promoted by the rapid increase in accessibility of
computers which happened in the mid-sixties. This accessibility was
occasioned by developments in both hardware (cheaper, smaller computers,
remote terminals, etc.) and software (english language programming,
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multi-access systems, etc.), so that by about 1967 access to a computer
could be had quite easily at any conventional location. Thus in a space
of only few years people no longer talked of computers in terms of the
concept of "giant brains", but of the concept of the computer in the
home.
At about the same time, rapid developments taking place in
architecture considerably enhanced the relevance of the computer as an
aid to architectural design. These developments were in the promotion
and relatively widespread adoption of system building techniques - the
use of standardized, prefabricated building components. The use of these
techniques particularly suited computer-aided design methods because
they meant that the architect was then dealing with a finite range of
components whose attributes, i.e dimensions, costs, materials,
strengths, etc., were known. (5)
As previously mentioned, when designing a Building System
besides concentrating with the design of the components and parts of the
system themselves, one has to a greater extent be involved with:
i) Designing the logic controlling the assembly of sets of
components.
ii) Designing the interfaces between the components.
iii) Designing the rules governing the design of individual
components.
These are all key characteristics of building systems from
the standpoint of the development of computer applications. The
individual building components as long as they conform to the logic
stated by such rules are not intrincically important. The degree of
simplicity with which such sets of rules can state the limits to the
combinatorial possibilities of components represents the degree of
coordination of the building method. The reduction of complex
organizations to definable sets of rules is a familiar requirement to
all those concerned with computer system design and complex systems
analysis tasks. (9)
Thus, "component based" building systems made life a lot
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easier for the computer programmers, who could now establish dimentional
grids, catalogues of components, etc., that a computer could easily
handle. Instead of the virtually infinite freedom of design in
traditional building, the architect working with system building was
constrained within a system boundary which could also be managed by the
machine. This strong link between computer aided design and system
building remains effective, and most of the comprehensive CAD systems
under development or in application are based on particular building
systems.
It is important to distinguish between the integration of
discrete application programs and the integration of a computer system
with a building system. In the latter, we mean more than interfaces
between discrete application programs, such that an updatable
description of buildings is held in the computer and different programs
can be run without inputting data anew: in an integrated system,
applications can cover some or all of the aspects of the building
process from the design stage to construction, and data in a component
file can be called for evaluation or optimization routines. If the
computer system is tied to a particular building system whose rules for
assembly and choice of components are defined, there is considerable
scope for automatic generation for the design and compilation of
production information.
Each party in the building process - from those concerned
with brief preparation of production information, through to those
responsible for construction and cost control - is contributing to one
entity : the building. Traditionally each party deals with its own
application area while the architect attempts to retain overall
coordination. One of the advantages of an integrated system is that
information about the building is stored and coordinated centrally in
the computer and parties concerned can access and up-date data, at any
time and in the form most suited to their needs, thus reducing the
chance of error and lack of communication.
The integration of discrete applications into packages,
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whilst enabling each party to carry out a better job within his sphere,
tackles neither the problems of information flow between them nor the
problem of communicating changes in design.
3.2.2 Integrated C.A.A.D. Systems for Systems Building
Numerous C.A.A.D. systems have been proposed and in many cases
implemented. The earlier systems to be developed were severely limited
in their capacities and capabilities by inadequacies in their building
description facilities, and weeknesses in the programs which they
incorporated. Many where nothing more than demonstration systems,
capable only of handling very restricted "toy" problems. (15) But some
of the more recent systems are sufficiently powerful to have achieved a
high level of practical usefulness.
Most of these systems are dedicated to the development of a
particular building type, or are suitable for a particular construction
process. Some of them are further restricted to be used with a
previously defined, already developed building system. Systems developed
for such purpose tend to be much more powerful and easy to implement
since they can impose discreteness restriction upon the users of the
system. In general. Most systems impose one or often two of the
previously described restrictions upon the user in order to increase
their efficiency and there is a general trade-off among generality and
efficiency of the system.
More recent systems like OXSYS (8,10) and CEDAR 3 (1,4,5,18)
are particularly significant since they suggest an intelligent way to
compromise between the immediate practical advantages of assuming a
specific, narrow context of building type and construction system and
the ultimate goal of achieving a high degree of generality and
flexibility in automated architectural design systems. (15)
The brief description of the various significant C.A.A.D.
systems previously developed which will follow, will in no way be
comprehensive but will focus primarily in systems dedicated to computer
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aided systems building and attempt to provide the user with a continual
sequence of developments and achievements in this area.
These systems have been particularly significant
achievements at the time of their development and in several cases of
later systems have been implemented with a great degree of success over
a long period. They represent the closest examples of C.A.A.D.
developments to the concept presented in this thesis and they have been
tested in practice for several years, therefore serving as important
precedents for any new attempt for innovation in the area.
However, these systems were all designed in order to
facilitate the use of already developed building systems. Therefore the
product of the integration of these computer systems with the
pre-existing building systems - the computer aided building system -
should not be confused with the "Computer Based Building System" that
will be presented in the last part of this thesis. The latter implies
the parallel development of the building system and the computer system.
3.2.3 Case Studies of C.A.A.D. Systems Related to Systems Building
The West Sussex System. (16,17,19)
The pioneering integrated system in Britain was developed by
the west Sussex County design offices in Chichester. It was an
interactive graphics system, employing refreshed cathode ray tube
graphics terminals equipped with light pens and driven by an in- house
IBM System/370 computer. West Sussex employed the SCOLA industrialized
component building system, and utilized a serial tendering relationship
with contractors whereby bids are made to produce a certain volume of
construction of a certain type for a certain price before the buildings
to be produced have actually been designed. This allows prices to be
accurately known at the design stage. The computer system provided
facilities for interactive graphic descriptions of buildings, and cost
analyses of SCOLA building designs, plus environmental and structural
evaluations, and automatically generated construction documentation. The
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building types handled included libraries, schools, and health care
buildings. For a number of years the system was in everyday practical
use, but by 1973 a change in policy had led to its discontinuation.(15)
The Harness System. (11,13,14)
A more recent system, which also operates within the context
of an unconventionally organized design design and construction process,
is the Harness hospital design system, sponsored by the U.K. Department
of Health and Social Security. A Harness hospital is assembled by
arranging standardized, pre- designed hospital departments along a
circulation spine.(15) Rules of assembly are defined for this
kit-of-parts, so that the range of potential arrangements suitable for a
given situation is well defined and relatively small. Several different
building systems may be used for the construction of Harness hospitals.
The computer system is not dependent upon interactive graphics, and due
to the high level of standardization of Harness hospitals, the design
process can be almost completely automated. The system performs tasks of
structural, environmental and cost evaluation, automated generation of
layouts, and production of documents.
The CEDAR 2 System. (2,15) Cedar 2 was a large scale computer
system sponsored by the Department of the Environment, utilizing
interactive graphics and was oriented toward construction of post-office
buildings using the SEAC (South East Architects Collaboration) component
system. A pilot version was implemented in 1973. It provided
capabilities for cost estimation, daylight, thermal, and acoustic
analysis detailed design of framing and external walling, and production
of documentation. Cedar 2 is basically a design evaluation and
documentation system; the principal responsibility for design synthesis
is allocated to human designers.
The CARBS System.
An other similar example of a C.A.A.D. system developed
towards the same lines with CEDAR 2, is the CARBS (Computer Aided
Rationalized Building System), developed by the Liverpool University
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(a)
____ 
-
w
(b)
(c)
Harness Hospitals. (a) Computer - generated perspective of a typical
Harness Hospital, showing arrangement of standard departments along a
circulation spine. (b) structure. (c) Cladding. Source : William
Mitchell (1977) Computer Aided Architectural Design. p 103
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Aa,
Harness Hospitals. (a) and (b) Prototype under Construction. Source
William Mitchell (1977) Computer Aided Architectural Design. p 104
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(c)
Top :(a) An example of a structural plan aumatically generated by the
Harness System Source :William Mitchell (1977) Computer aided
Architectural Design p 243 Bottom : Post-beam and pannel system (a)
System of Construction. (b) Approximate representation of system
geometry by orthogonal rectangular parallelepipeds. (c) . Drawing,
produced by te CARBS system, of an industrializedcomponent building.
Source : Mitchell (1977) p 105
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Computer-Aided Design Center in collaboration with Clwyd County,
Architects Department (6)
The OXSYS System. (8,9,10,15)
The OXSYS System was developed for design of hospitals in
the Oxford method of Building. It incorporates capabilities for cost
estimation from early sketch designs, performing structural and
environmental analyses, semi-automatic design and detailing, and
production of documentation. The system was put into production in 1974.
The System has four obvious effects on a project : It increases Design
resources, Design evaluation, Coordination, and Communication (7). OXSYS
is designed so that it is not restricted to any one particular building
system; component descriptions and assembly rules for different systems
of the same general type may be loaded into the computer as data. The
OXSYS approach appears to be an intelligent compromise between the
immediate practical advantages of assuming a specific building type and
construction system as exemplified by Harness and CEDAR 2, and the
ultimate goal of achieving a high degree of generality and flexibility
in automated architectural design systems.(15)
The CEDAR 3 System. (1,4)
Another fairly general system is CEDAR 3. Development work
on this successor to CEDAR 2 was begun in 1975. It is intended for use
in conjunction with the U.K. Government Property Services Agency's
Method of Building (MOB). (1,15) The MOB is not a component based
System, but a set of rules concerning dimensions, a set of ranges of
preferred components and a set of standard details. It is designed to
deal with a wide range of building types. Cedar 3 is intended for use at
the sketch design stage, and its primary aim is to facilitate the
comparison of alternative building geometries and site layouts with
respect to capital and running costs. It provides facilities for
building description input and editing, cost analysis, elevator
selection, thermal analysis, daylight calculations and energy cost
calculations.
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(a) (b)
(a) 4L t'
)(b) -*
Top: Automated floor slab, cladding, and rooflight detailing by OXSYS.
(a) automated location of floor slab elements (given beam and column
locations) (b) Automated filling in of cladding panels on elevation.
(given plan and section) Source : Mitchell 1977 p 244. Bottom :
OXSYS (a) Elevation tartan grid. (b) Complete building description with
components located in tartan. Source : Mitchell 1977, p 232
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Several alternative designs generated using OXSYS, for a Hospital in the Oxford Method.
William Mitchel p 106
Source
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Top : Drawings produced by OXSYS form the CODEX of Oxford Method
components. Source : William Mitchell (1977) p 231 Bottom ORHA
OXFORD METHOD Source : Bijl, 1979, Integrated CAAD Systems. p3- 2 2 .
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The KORAB system. (12)
KORAB is a computer-aided building design, appraisal and
documentation system dedicated to the design of residential buildings.
The specifications for the system were developed in Poland in 1976 and
software writing began in 1977. The KORAB system consists of 4
subsystems, namely the "Flat" subsystem, the "Building Section"
subsystem, the "Building" subsystem and the "Prefabrication Plant"
subsystem. Input information to the KORAB system consists of sketch
designs of flats, building sections and buildings of the housing estate
project and the project realization plan. As an output the system
produces the following information :
i) Evaluation of the feasibility of building designs from
the component production standpoint.
ii) Documentation drawings and schedules of components for
the preliminary design stage of the project.
3.2.4 References
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3.3 Recent developments : Artificial Intelligence and
Knowledge Engineering.
3.3.1 Introduction
Computers have revolutionized most engineering and
scientific fields, but their use has been mainly limited to numerical
applications. Until recently, only human expertise in the area of well
defined numerical algorithms has been coded to computer software.
The potential of using computers beyond strictly numerical
applications is an important research issue. Presently human controls
the flow of computer applications in an intelligent way. It is the
user's ability to form judgements, make decisions, and assess
alternatives, that defines the logical sequence of the execution of well
defined numerical algorithms and that produces useful results.(7) In the
past few years, however, there has been an increasing interest in
artificial intelligence, which "... is the study of ideas which enable
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computers to do the things that make people seem intelligent", (11).
Artificial intelligence has produced new means of presenting empirical
judgement and in turn, performing logical reasoning.
Few fields have benefited from these applications mainly
medicine, geology, and electronics. (4) However the potential
applications in the building process are particularly stimulating and
the mainstream of current research is directed towards this area.
3.3.2 Expert Systems
In a somewhat convoluted, but authoritative, attempt at a
definition of Expert Systems, Addis8l (1) suggests:
'An Expert System is a means of capturing the knowledge of
experts in the form of programs and data where disagreement among the
experts are settled by mediation and the results refined so as to
extract the essence of their knowledge in such a way that it can be used
by less experienced people within the field. The usage of such a system
can be monitored so that adjustments may be made semi-automatically
under the guidance of the experts.The expert system is a tool and a
means of coherent communication of the latest views of the experts to
the users who may well be the experts themselves. The use of the system
combined with a measure of importance provided by the experts gives a
measure of the utility of what is being communicated. This recorded
utility may then be used by a program to vet the knowledge so that the
channel does not get clogged with redundant material.'
Feigenbaum8l gives a more accessible definition :(5)
'An Expert System is an intelligent computer program that
uses knowledge and inference procedures to solve problems that are
difficult enough to require significant expertise for their solution.
The knowledge necessary to perform at such a level, plus the inference
procedures used, can be thought of as a model of the expertise of the
best practitioners in the field'.
74
In summary, however, and more informally, we can list the
relevant characteristics of Expert Systems as follows. However it must
be noted that not all existing ones display all of these features. (6)
i) They know a great deal about a limited but useful area of
interest - Such knowledge being acquired possibly from experience but,
more likely, from expert human tutors.
ii) They give advice conversationally in the manner of a
consultant, and can understand and respond to simple questions posed in
plain though perhaps specialized language.
iii) Their knowledge is embodied not in the form of
conventional programs but frequently by means of separate modules
containing sets of rules with corresponding actions. This feature makes
for easier correction of deficiencies or errors in their knowledge-bases
as well as the acquisition of new knowledge. Strictly, the implication
of this is that the knowledge (facts and inference rules) exist
independently of the program. This makes it possible (theoreticaly, at
least) to use the same program with a variety of knowledge-bases able to
deal with different tasks.
iv) Because the areas of interest they deal with are
frequently ones where uncertainty prevails, Expert Systems often give
their advice in probabilistic rather than absolute terms.
v) The questions posed By Expert Systems are limited to ones
which are relevant to a particular line of reasoning. Thus if at any
time the systems decide they have sufficient information to arrive at a
conclusion, they do not continue to ask questions.
vi) Above all, Expert Systems can explain and justify their
reasoning in such a way that experts can accept their credibility and
non-experts can learn form them.
From the examination of several examples of already
developed Expert systems it is possible to suggest that they perform
best when the following conditions hold (6):
- Performance of the subject task is based more on factual
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knowledge than computational method.
- The area of interest is specialized and limited.
- It is possible to build-up a knowledge-base in a piecemeal
fashion over time.
- The area of interest is one which experts exist and are
available for consultancy sessions.
3.3.3 Case Studies of Successful Expert Systems
Since only a few Expert systems have been implemented and
utilized in some way in the building process, in order to identify
potential use of expert systems in this area it is important to seek
expertise elsewhere. For this purpose a series of case studies of
successful expert systems are to be presented.
Through this presentation, some of the applications of
artificial intelligence techniques in expert systems related to various
scientific fields are explicitly shown.
The applications to follow are both analytic and synthetic.
In analytic applications the input data is the result of measurements or
observations, and the expert system is employed to determine the cause.
The sciences of the "artificial" are used to understand the "natural
systems" (10). Such systems include diagnostic medical systems and oil
exploration systems.
A synthetic system works in the reverse way. The objective
is to create the artifact. The knowledge is used to synthesize the final
product in order to fulfill the objectives that justify its creation.
(The application of expert systems in the design of building systems is
synthetic.)
CASNET : Model Based Method for Medical Decision-Making. The model is
subdivided into three distinct parts: patient examination,
pathophysiological states, and disease categorization. After examining
the patient, the symptoms are then related to the corresponding states.
Using that state and observed symptoms, a diagnosis is made along with
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lines of treatment of the disease. The process is clearly analytical, a
casual associational network, and the database is relational, i.e. each
node can have more than one parent , and the relations among the nodes
are contained in sets of data, associated with the nodes.
MYCIN : Consultation System for the Physician. Mycin (9) is a
goal-oriented algorithm, i.e., starting from the identified objective
the algorithm reasons backward in order to establish a therapy for the
patient. Rules are involved that either prompt the user to answer
related questions or use already existing information in the system.
THese rules will in turn invoke other rules which, depending on the
symptoms, will be true or false. This will continue to until all
relevant rules are exhausted, and a therapy is determined. The goal
oriented approach to design therapy is is similar to that of design of a
building system. The questions to inform on possible complications for
the patient are parallel to the questions to clarify on the conditions
in a particular site that the building will be built. Such a process
will exclude one or more solution schemes for the structural
configuration, and will propose a "best" choice.
INTERNIST : Diagnostic Problem Solving. Internist (8) is basically a
knowledge based algorithm composed of two distinct components: disease
entities and manifestation. Each disease has a list of symptoms and
their frequency of occurence. Related to that is a database of diseases
having as upper roots main categories of diseases which in turn are the
roots of lower hierarchical specific categories. A list of alternative
hypotheses are determined using the symptoms inputted by the user. Each
hypothesis has a corresponding score. Using the hypothesis with the
highest scores,a problem is compared prompting the program to select the
program to relevant questions in order to further improve the diagnose.
The diseases evoked will then be re-evaluated given the response until a
definite conclusion is reached. This is an explicitly analytical
procedure similar in concept to CASNET, but using a different approach.
PROSPECTOR : Consultant System for Mineral Exploration. Prospector (3)
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is a system intended to help geologist assess the potential of a site
under consideration in containing a given mineral deposit. It is
modelled after the actual reasoning of a an expert geologist when
evaluating a given site. The system starts with an interactive session
with the user in order to obtain information about rock formation and
mineral deposits already detected. The data is then compared to models
within the system of certain classes of deposits. Depending on the need,
the system might ask for additional information before arriving to a
definite conclusion. The system has been extremely helpful to oil
exploration. Its similarity to applications for structural systems is
even more pronounced by the proximity of the two fields.
DENDRAL : Inferring Chemical Structures. Dendral (2) is a heuristic
search algorithm to list rational structures for organic molecules using
sets of data from a mass spectometer and a nuclear magnetic resonance
spectometer. Constraints, either user-defined or from packages, dictate
guidelines within the system. The algorithm is subdivided into two
parts: one to generate acceptable structures using the inputted data and
the user defined constraints, and the other to deduce suitable molecular
substructures using significant data patterns. The two parts are in
continuous interaction thus guiding the system in producing the
plausible set, containing the organic molecular structures that satisfy
the previously defined constraints. The engineering program that creates
the artifact of the molecular substructures is very similar to the basic
concepts of systems building applications.
3.3.4 Potential Applications in the Construction Industry
There are several areas where Expert Systems can prove of
particular utility in the construction industry. The design process is
an area where simple quantitative rules are hard to be applied without
oversimplification of the problems at hand. Furthermore the design
process is surrounded by a number of associated scientific fields where
again the nature and ambiguity of the issues involved as well as the
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difficulty of evaluating the importance of each factor at every instance
requires a sophisticated tool that can provide consulting similar to
that of a human expert.
The continually increasing number of different materials
possible techniques as well as potential combinations of the above for
the implementation of a particular project provide one more area where
expert systems can prove particularly useful.
The nature of the the building process, where the project
cannot be standardized beyond a certain extent due to the fact that it
is tied permanently to the ground which causes the design process to be
performed independently for every different project since the "givens"
of the problem have to some extent changed. Since designing from scratch
in each case is inefficient and out of the question, the need to make an
intelligent and well justified match between the appropriate set of
already made decisions represented by an already developed building
system and the conditions of the particular design problem the architect
faces, is one more hot area for the application of expert systems in the
building process in general and the architectural practice in
particular.
In all of these areas the utilization of expert systems
proves particularly helpful for the following reasons : (6)
i) Once a knowledge-base has been deviced, Expert systems
are easier to write, test and debug than conventional programs.
ii) In general, Expert Systems are easier to use and learn
than all but the best conventional programs.
iii) In theory, at least, and to a marked extent in
practice, the same program can be used with a variety of different
knowledge-bases resulting in the easy setting-up of new Expert Systems
for different subjects.
iv) Their self-justification feature is of special value in
areas where the user must not only be presented with information but
must also be convinced of its validity.
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SECTION 2. PROPOSAL : A Computer Based Building System
within a General Computing Environment
for Architectural Practice
1. INTRODUCTION
Some of the implications of the application of the systems
approach to building, were major reorganization of the building process,
vertical integration through the building design and production
activities etc. These changes in the building process were in several
cases introduced with a considerable degree of success but in other
cases could not be realized without considerable large scale
institutional changes. Furthermore they proved to be more suitable for
some market conditions and for the development of a limited portion of
the built environment.
Systems building has proved to be particularly suitable for
applications where the size of the individual project is increased and
there is potential for a greater degree of standardization, facts which
result in considerable savings in resources due to economies of scale.
However it is a primary underlying assumption throughout this document
that systems building can prove particularly useful when applied in a
wider range of projects than those where mass production and large scale
standardization can be easily achieved. If this is succeeded, not only
will a much larger portion of the built environment be produced more
efficiently but also the application of the systems approach to building
will be dissassociated from a particular type of built environment which
is repetitive and standardized.
Although large scale standardization is in several cases
extremely helpful and economical, there are several types of buildings
where due to their function as well as the context within which they are
built and bound to operate, cannot tolerate or afford uniformity in
their design. These buildings which still today comprise a very large
part of the built environment produced are currently being built
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conventionally, a fact which results in a considerable waste of
resources. This waste can only be eliminated if standardization is
achieved at a smaller scale allowing the architectural firms which are
commissioned to design these projects to effortlessly select building
systems and subsystems from an open market and incorporate them into the
building regardless of its scale.
Therefore this work is based on the primary assumption that
in order for systems building to be the rule rather than the exception
in the production of the built environment and for its full potential to
be utilized, it is important for some of the facets of system building
as the incorporation of building systems and subsystems in the built
environment, to be generically utilized in a much larger scale than it
is today, and for a much wider range of projects.
In order for this to happen a more open approach has to be
possible and the appropriate facilities i.e. access to information,
knowledge about the Building System as well as tools that facilitate its
utilization, have to reach each and every architectural firm, regardless
of its size. Every designer of responsible individual for a particular
building project must be able to have this access to information and
must be provided with a wide range of building systems and subsystems
for selection from the open market.
This requires considerable reorganization of the whole
building process which implies innovations that will cut a swathe across
many of the fragments of this industry. This is made posible by the new
facilities provided by the digital computer and more specifically in our
days by the new generation of low cost hardware which suits well the
needs of the fragmented building industry.
Based on the above this thesis aspires to investigate the
possibility of efficient application of Systems Building in every day
architectural practice. It focuses in a scenario which promotes the
utilization of industrially produced building systems and subsystems in
the building process and the resulting incorporation of such systems in
the built environment, regardless of the size or nature of the project.
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Therefore this work not only proposes a scenario for the
development and the use of an improved building system that is
appropriately utilizing the advantages of digital computers which
guarantee better handling and manipulation of information and much more
efficient interface with the user, but also concentrates on a scenario
for the operation of an architectural firm that is realistic with the
current developments in both hardware and software, can work regardless
of the size of the firm and enables the utilization of such an improved
building system.
In this chapter of this document the theoretical foundations
for the application of systems building in architecture along these
lines are explicitly stated. Two new notions are introduced in this
process : The first is that of a Computer Based Building System, which
is the the improved product of the evolution of the conventional "Paper
Based" Building System so as to meet the new standards in the
manipulation and transfer of information. The second is that of an Open
Computer System for Architectural Practice which is conceived as the
appropriate computing environment for the operation of the architectural
firm and the generic application of Systems Building techniques in
architectural practice, and is a prerequisite for the utilization of a
Computer Based Building System.
These two notions i.e. the C.B.B.S. and the O.C.S.A.P. are
the two interlinked facilities, components of a computing environment
for architectural practice, which enable the generic application of
systems building in architecture along the assumptions previously made
in this document.
The C.B.B.S. is the product of the parallel development of a
building system and a computer based information system which contains
the rules of the system and is responsible for the interface with the
user of the system, the project architect. The C.B.B.S. is developed by
the building system or subsystem manufacturer contains information
dedicated to the specific method of building and can be use for
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advertising purposes as well as for the increase of efficiency in the
design process when utilizing the specific system.
The O.C.S.A.P. is a modular and integrated computer system
resident within the architectural firm, which provides enough
flexibility so as to be able to be easily accommodated for the
utilization of a variety of C.B.B.S.'s in the form of overlays, even
within a specific project and with no effort or specific retraining
required by the project architect.
This chapter of the thesis first introduces the notion of
the C.B.B.S. assuming previous familiarity of the reader with the
notions presented in the previous chapter. Then it introduces and
describes the O.C.S.A.P. and finally focuses on a scenario for the use
of the C.B.B.S. within the O.C.S.A.P.
2. COMPUTER BASED BUILDING SYSTEMS
2.1 The Notion of a Computer Based Building System
2.1.1 Computer Based Building System Versus Paper Based
Building System
William Mitchell started his presentation on the hot topic
"What is Computer-Aided Design" on the ACSA Administrators Conference in
Washington, on December 13, 1983 by stating that when automobiles first
appeared they were called "horseless carriages" and by predicting that
in a few years, simply by taking it for granted that we use computers to
support the design process, the term "Computer - Aided Design" will
sound just us strange to us.
Regardless of the controversial arguments that such a
statement brings among experts in the field of CAD and practicing
architects, regarding the extent to which this computer-aid will be
provided and the kind of problems it will help to address, (as well as
the new problems that it is likely to create) I shall at this point
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attempt to use similar argument in the case in point namely the Computer
- Based building system.
The state of the art of Building systems development today,
does not take advantage of the potential offered by current developments
in computer technology, to the extent that the final product, the
building system still remains in most instances practically unaltered
despite the undergoing revolution in information technology.
This fact urges the need for a new term, "COMPUTER BASED
BUILDING SYSTEM" to be invented in order to differentiate the new
product, result ' of the interface of systems building with a computer
based information system that handles and conveys information about the
rules of the system, with a "conventional", paper based, building
system.
2.1.2 Computer Based Building System Versus Computer Aided
Building System
Within the "Computer Based Building System" the term "BASED"
is not accidental either. It implies that since the computer based
information system is an integral part of the whole Computer Based
Building System, as the case with every system, design considerations of
the part should affect the design of the whole and therefore all parts
of the system should be designed simultaneously in order for maximum
efficiency to be obtained. Therefore the word "based" as opposed to the
word "aided" differentiates the proposed system from one where the
design of the computer system has followed the design of the original
building system.
The prediction here is that since many building systems or
subsystems have been already developed and are already available in the
market, we shall be seeing several modifications of existing systems
into "Computer AIDED Building Systems" for some time to come.
However, this document introduces and describes the new
concept of a Computer Based Building System and advocates the advantages
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that this proposed system potentially has over the several already
developed "computer aided" building systems given the range of
possibilities available by the new technology. The model of the Computer
BASED Building System, should and will eventually prevail in the design
of new building systems since it results in a much more coherent and
efficiently designed whole.
2.1.3 Potential of a Computer Based Building System
The application of Systems building in a particular project
has several advantages related primarily to savings in time and
efficiency of the artifact - the building - which have been explicitly
stated in the first chapter of this document.
These advantages can be intensified more by the interface of
systems building with powerful computer tools and the integration of the
facilities into a coherent whole, a Computer Based Building System.
Systems building is involved with extensive study of the
various individuals involved in the building process, their often
conflicting interests and goals as well as the level of coordination of
their activities towards a common goal for a faster, and more
cost-efficient construction process, combined with an improved final
product. The building system with its new format will be able to convey
the necessary information to the various participants of the building
process much more efficiently that the paper based building system. A
well planned parallel utilization and proper integration of computer
facilities within this process significantly facilitates the role of the
these individuals.
The project architect is ideally initially provided with a
decision support system, that helps him select the appropriate building
systems or subsystems to be utilized in a particular project. Then,
within a familiar already computerized working environment, he utilizes
a computer based building system which conveys to him through an
interactive process and with minimum effort the rules of the building
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system, and prevents him from performing dangerous deviations from these
rules. This easy access to information saves the project architect a lot
of time, and ensures a much more efficient and consistent design.
The building systems designer has now powerful tools for
accessing and maintaining information about systemic elements, and is
entitled to design computer based building systems, i.e. design a
concomitantly a building system and a computer based information system
that will contain and convey the rules of the building system. His job
is facilitated by several application packages or at best from the
utilization of an integrated system that is specifically designed to
support systems design.
The product manufacturer has a tool that due to increased
ease of use by the project architect and is therefore more marketable.
Furthermore he has the option to reduce production costs by utilizing
the developments in the area of Computer aided manufacture in order to
standardize and automate production while ensuring quality that meets a
given set of performance specifications without need for testing the
individual product.
However before this scenario can be realized, and Computer
Based Building systems can prove themselves as useful developments that
facilitate the building process and provide the missing link that will
enable the effortless utilization of industrialized building systems in
everyday architectural practice, several preconditions have to exist.
These are primarily related to the environment within which
the C.B.B.S. is to be used which has to mature in order to make possible
the efficient utilization of the new tool. Several major commitments
have to be made both by individual entrepreneurs and most important by
public authorities. In the next part of this document these
preconditions shall be examined in detail.
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2.2 Preconditions for the Development of a Computer Based
Building System
2.2.1 Preconditions Related to the Design Process to be
Followed
2.2.1.1 Utilizing the Systems Approach
In order for the C.B.B.S. to be efficiently designed a
systemic process has to be utilized. This implies a sequence of
activities as follows
- Development of a set of user requirements for the specific
C.B.B.S. - Development of a set of performance criteria and
evaluation (testing) procedures i.e. a set of performance
specifications. - Design of the system so as to meet these
specifications. - Evaluation of the system against
performance specifications. - Feedback. - Repetition of Last
three steps until performance specifications are finally
met.
Each one of these activities - steps in the design process -
will be elaborated below in order to clarify their role in this process.
A generic set of user requirements related to a C.B.B.S.,
has already been developed. It is realistic, based on the current state
of the art of the technology and in accordance with the role of the
C.B.B.S. and the needs of the project architect using a C.B.B.S..
However, Building Systems, contexts and needs of potential
users are likely to vary considerably from one C.B.B.S. to another. This
makes it imperative, before indulging in the long and resource consuming
task of C.B.B.S. development or develop a specific set of User
requirements directly applicable to the project at hand.
This does not imply that the design team is likely to start
from scratch but merely that the generic set of existing user
requirements are likely to be "remoulded" considerably for the
particular occasion.
93
The issues of concern the team at this stage are potential
users, material and size of components, number of subsystems involved,
openess of system and potential interfaces with other subsystems,
probable size of project units to be produced, etc.
Once the user requirements have been established, it is
important to ensure that the system to be designed will satisfy them. In
order to achieve this goal it is important to develop a set of
performance specifications for the product to be designed before the
design process begins.
The first step in this process is to develop a set of
performance criteria, that the product must meet. Once this is done it
is essential to establish a set of explicit evaluation procedures in
order to determine whether each one of these requirements is met.
The performance specifications for the C.B.B.S. involve
issues related to the properties and interfaces of the physical
components of the building system, the management of the system, as well
as the design and structure of the computer based information system
that handles the interface with the user of the C.B.B.S..
The next stage involves the process of designing a Computer
Based Building System i.e. a Building System interfaced with a computer
based information system, in order for the performance specifications to
be met.
The design team has to concentrate on a wide variety of
issues related to conventional building systems design and at the same
time has to be concerned with the structure and the interface of the
computer based information system with the building system.
The designed product has to satisfy the set or user
requirements that were set for the specific C.B.B.S.. Therefore it must
be tested continually against performance specifications to ensure
consistency with the performance criteria. The design of a C.B.B.S. as
with every Building System is a process of trial and error and finally
leads to a product that successfully stands up to the established
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evaluation routines therefore guarantees user satisfaction and efficient
performance.
The cycle Design - Evaluation against routines, - Feedback,
is repeated several times until this goal is achieved. When this has
taken place, it is time for involved entrepreneurs to make some
important decisions before any major financial commitment related to
industrial production and marketing of the system is undertaken.
2.2.1.2 Parallel Development of Computer System and Building System
According to systems theory, within a system the design of
every component of the system, should be influenced by the required
performance of the whole system.
The physical components of a building system as well as the
Computer Based Information System that contains the rules for their
assembly, are obviously part of the same system, both developed in order
to serve the interests of the product (B.S.) manufacturer, and to
operate efficiently within the same environment.
This is the first argument that in theory supports the need
for parallel development of the two components. If one of them - The
Building System - is developed first, some important performance
requirement for the operation of the C.B.I.S. would most likely not be
considered at this stage and this is likely to lead to a non optimal
solution for the whole system.
A good example of this relates to the varying user
friendliness of the C.B.I.S. resulting from the modular coordination
imposed by the already developed building system. It is often the case
that a properly functioning already developed building system proves
very inappropriate for the design of a efficient and user friendly
computer system that conveys information to the user, most likely due to
the nature of the modular coordination among subsystems of the building
system. Minor details in the design of the building system that could
probably have been resolved differently if the issue was raised at the
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right time, may imply that the user is forced to extensively zoom in and
out of the drawing or that the facility that overcomes this last problem
is slow or memory consuming.
A very important argument advocating for the parallel
development however is the extent to which the development of a C.B.I.S.
leads to useful observations for the building system, which can lead to
improvement of the system to be manufactured before it starts to be
industrially produced.
By building simultaneously the C.B.I.S. that contains the
rules of the building system, it is easy to remain conscious of the
implications of design decisions at each step of the design process. The
design team is forced to a discipline that is imposed by the computer,
which is particularly suitable for the development of a building system.
Each design rule once decided upon has very clear implications which are
apparent from an early stage and in case it is changed the implications
of this change are also immediately apparent.
Thus at every step of the process the members of the design
team, are particularly conscious of the rules of the system as well as
their implications, the degree of compatibility of subsystems as well as
potential existing inconsistencies in sizes and interfaces among
components. Furthermore the design team has at every step a clear idea
about the clarity of the rules of the system as well as the ease with
which these rules can be transmitted to the user. One of the performance
requirements of the Computer Based Building System, relates to the ease
with which the user of the system can learn about the system or use it
to perform certain tasks (e.g. design a building).
The scenario for the parallel development of the components
of a Building System and a Computer Based Information System that
produces the desired Computer Based Building System, implies that a
single design team is responsible for the development of the whole
C.B.B.S.
This is particularly helpful since it implies that there is
no need for a second design team to become familiar with a building
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system designed previously by a different team as well as the underlying
design principles for its design (with which it may agree or disagree),
in order to produce a Computer Based Information System that will convey
the rules to the user. This obviously implies savings of resources as
well as increased familiarity of the people that are involved in the
development of the C.B.I.S. with the rules and design considerations of
the Building System.
On the other hand this also guarantees that the members of
the design team that will be trying to establish the set of systemic
rules that would lead to a building system which will best meat the user
requirements and the already developed set of performance
specifications, will be working on the computer and therefore have a
wide range of computer facilities to assist them in their task. These
may be simply ease of access to a large pool of information, facilities
for simulation, etc.
2.2.2 Preconditions Related to the Environment of the System
2.2.2.1 Identifying the User and the Environment Within Which the
System is to to be Utilized
According to systems theory the first step when attempting
to study a system is to define its boundaries. This implies that one has
to clearly distinguish between the environment of the system, i.e.
issues that determine the operation of the system without being affected
by the system and are therefore given constraints in the design of the
system, and the resources of the system which lie within its boundaries.
In any building system one may identify several such
"givens" lying outside its environment. These include market conditions,
available raw materials and resources in general, legal framework etc.
These issues have been extensively addressed in literature in the past.
Here we shall only deal with the extra environmental constraints imposed
in s C.B.B.S. that were not considered in a "conventional" Building
System.
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Such constraints are imposed by the environment of the
Computer Based Information System that is the new component that is
added to the Building System in order for the C.B.B.S. to be produced.
This environment is defined by the user of the computer based Building
system whose convenience is the primary goal behind the design concept
of a C.B.I.S. as a necessary component of the C.B.B.S..
The user of the C.B.B.S. is the person who either selects
the particular building system from a list of possible alternatives
because he finds it suitable to address efficiently the particular
problems associated with the specific project he is commissioned to work
on, or is simply asked from some authority to design a particular
building, or project by utilizing a given building system or set of
compatible subsystems.
In most cases this person is likely to be an architect. In
some environments it can also be a small developer or contractor,
especially in smaller projects. However in this document we shall assume
that for most projects of some size that utilize systems building
techniques, this person is going to be the project architect and for
reasons of clarity as such he is going to be referred to in the text.
At this point it is important to explicitly state some
assumptions which are made by the author based on his own motivation and
interests and which serve as a basis for the further definition of the
environment within which the Computer Based Building System is, and
should be, used.
The first assumption made is that it is of importance to
envision a building process within which industrialized building systems
or subsystems can be utilized in the majority of buildings designed and
built.
The next assumption is that the application of systems
building to architecture must not be limited to projects of a specific
type, whether this implies scale, cost per square foot or scale and type
of authority that is in charge of the project.
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An other assumption made at this point is that it is
particularly relevant and important to enable the applications of
systems building to architecture in buildings of small scale, which are
developed individually in the private sector, where the negative
implications of mass producing built environment do not apply.
Finally it is assumed that within the context defined by
these assumptions it is particularly relevant to promote an open system
approach which will allow the user, small developer or project architect
to select building subsystems from a catalogue and incorporate them in a
particular building.
Based on these assumptions which indicate the writer's
particular concerns and interests in the application of systems building
in architecture, one can attempt to define the environment within which
the Computer Based Building System shall have to efficiently operate.
It is clear that one does not wish to restrict the potential
for efficient utilization of systems building to a few relatively large,
dedicated architectural firms but, on the contrary, would attempt to
make them easily applicable to design within the majority of
architectural firms.
Thus, the computer based Building system is designed to be
used by the project architect operating within an "average" firm and
therefore, the operation of such a firm is of relevance for a scenario
for the use of the system.
2.2.2.2 Ensuring that This Environment Enables the Efficient
Utilization of the System
In order to study the environment within which a C.B.B.S. is
likely to be used based on the assumptions previously made, it is
important at first to examine its immediate environment within the firm
as well as facilities outside the firm that might potentially be
available.
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The C.B.B.S. no matter how sophisticated, for very practical
reasons cannot be utilized within a firm which is not computerized and
does not utilize a flexible computer system which will allow the
"overlay" of the C.B.B.S. upon the existing hardware and software
configuration.
Furthermore, at least for the present and until it becomes
the rule rather than the exception that the building process is based on
systems building principles and commences with systems building
selection, the environment of work of the project architect will have to
be considered a given in the design of the C.B.I.S..
The system must be designed in such a way so as to suit the
needs of the project architect without causing by its utilization
deviation from his customary process of work within his firm. On the
contrary it must make the life of the architect easier so that there
will be increased incentive for him to wish to use the particular
C.B.I.S. system and therefore the Building System. The C.B.I.S. by its
user-friendliness is supposed to increase the market potential of the
whole C.B.B.S. as opposed to a conventional Building System documented
within a manual.
It is thus helpful for the development of a scenario for the
use of the computer based Building System, to give some consideration to
the overall computer facilities of the firm within which it is likely to
be utilized. The nature of these facilities (i.e particular hardware and
software configuration as well degree to which this is utilized) depends
to a large extent upon the size of the firm, the degree of access to
information outside the firm through network facilities or modems, the
individual design process preferred within the firm as well as level of
computer literacy of the users.
Thus the next part of this document will contain a detailed
description of an Open Computer System for Architectural Practice which,
although totally independent from the C.B.B.S., with the assumptions
made in this thesis, forms part of its environment and is the most
important precondition for its use and therefore for its development.
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3. THE NOTION OF AN OPEN COMPUTER SYSTEM FOR
ARCHITECTURAL PRACTICE - ENVIRONMENT FOR THE
USE OF A COMPUTER BASED BUILDING SYSTEM
3.1 Potential of Microcomputers
The forth generation in the evolution of computer
technology, which started in 1971 - 72, was characterized by the
interconnection of numerous computers to form a large-scale computer
network, and the introduction of relatively small and inexpensive
minicomputers and microcomputers.
A major factor which led to this new generation of hardware
was the development and refinement of techniques for manufacturing
miniature electronic silicon circuits. As William Mitchell
characteristically stated back in 1977 (Mitchel 77) Microprocessor
technology had reached the point "where tens of thousands of electronic
components can be fabricated upon a chip less than a quarter of an inch
square at a cost of a fraction of a cent per component".
The development of small and inexpensive hardware as well as
the capability to network several machine together has increased
dramatically the potential uses of computers and their importance in our
lives. The design of desk-top computers has enabled access to computer
facilities from a wide variety of environments, utilization of the tools
in professional practice, education and as integral parts of most
functional devices in our everyday life.
The resulting increase in the size of the market together
with the decrease in the size of the individual hardware components and
the facilitation of communication between these components, indicated a
shift towards a more open configuration in the structure of the system.
Software too, has been developed along the same principles,
with emphasis on the links and interfaces among various programs as well
as their compatibility with a wide range of hardware.
This move from the turn key closed system approach towards a
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more open modular configuration of computer systems, has also
significantly influenced the building industry. It allowed for the first
time access to computer systems to many small firms that provide
professional services.
Architectural firms are clearly among those firms that have
incentive to seriously consider the significance of such developments. A
wide variety of inexpensive software has already been developed in the
areas of Digital Modeling and Data Processing Analysses. Also recent
developments have allowed the development of a Visual Information System
incorporating innovative developments in video disk technology.
So, the recent rapid development of microcomputer technology
with the resulting expansion of the market for computer applications
that run on desk-top computers and the parallel development of software
along these principles, has initiated a switch towards more open
computer systems. This principle is of particular relevance for computer
systems developed for architectural practice.
Author, operating an Enhanced Microcomputer workstation, equipped with
high resolution graphics, digitized and / or mouse as well as a Video
Disk Player and Screen.
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3.2 The notion of an Open Computer System
for Architectural Practice (OCSAP)
In the first chapter of this document, CAAD systems have
been extensively described, as tools that support the project architect
in the design process. However each system seemed to be appropriate for
design within a different environment. Some were designed to be used for
component building, some others for rationalized traditional
construction, etc.
The other important specification for a such systems that
has been previously stressed is the extent to which these systems were
integrated. By this was implied the fact that the user had to enter data
only once, and the system maintained consistency throughout the process.
The new concept that is introduced now, is that of
modularity of a given computer system. It is the reflection of an
attempt to move towards a more open system, which has been triggered by
the relatively recent increase in the importance of desk-top computers.
The system proposed is open, both in terms of its hardware
configuration and, most important, its software configuration. It
consists of small functional units that can be easily added or
subtracted from a given configuration without changing essentially the
nature of the system. Furthermore most of these units are likely to be
relatively cheap, off-the-shelf packages.
Although this model is becoming increasingly common in
several environments that offer computer facilities for bussiness
applications, it is likely to take a slightly different form in the area
of Design and Architectural Design and Practice in particular.
Within the environment of an architectural firm, the
complexity as well as variety of the tasks the computer system is asked
to perform, as well as the large data-bases of drawings that have to be
maintained call for a relatively complex highly sophisticated system.
This system in order to be used efficiently requires a longer period for
training of its users as well as some degree of customization according
to the specific needs of the firm.
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Once this investment in time and capital has taken place
there is an understandable reluctancy to move onto a different system
unless very obvious reasoning supports such a decision. More so it is
not possible to utilize concurrently two separate integrated computer
systems and have each one perform those tasks for which it is
particularly suitable, since this would result in a non-integrated
overall system, as well as serious problems with the management of
graphical data and with training personnel for its use.
The varying workload so typical of an architectural firm is
definitely one argument in favor of a more flexible open system. However
the varying potential uses in which each architect expects his system to
perform efficiently as well as the wide variety of definitions of
efficiency for each case that are advocated by individual architects is
the primary argument that supports this model of an open system.
The proposed Open Computer System for Architectural
Practice, (OCSAP) is a demonstration of a computer system built along
these principles. It is a modular system both in terms of hardware
configuration but most important in terms of software development. It
assumes that there are several parts within the system which can be
interchanged since each one has generic interfaces that allow it to
communicate with the outside world, as well as appropriate hooks for use
with a wide range of hardware.
The system is integrated and has facilities that are
designed to provide services in the areas of digital Modeling,
alphanumeric data processing as well as interactive storage and
retrieval of visual information. This last facility shall be referred to
as the Visual Information System.
Within all three of these generic facilities several levels
of programming ensure the ease of customization of the software by the
user, without preventing the software manufacturer to produce innovative
updates of the generic features of the software. The system is thus
always up to date without requiring any particular effort from the user
for this purpose, who can invest his time on customizing it to his
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particular individual needs.
All three primary components of the system previously
mentioned are essential for the efficient operation of the overall
system. However the digital Modeling tool, the graphics editor, is not
only the primary tool for input and output for geometric information,
but it also the critical component of the system for the performance of
complicated tasks related to design. Since the versatility of this tool
eventually defines the utility of the system for particular applications
and requires the longest training for its use, the graphics editor has a
special place among the other components of the system. It is in fact
the most permanent component, the one whose replacement shall cause the
most confusion, and waste of resources for the firm. The model for the
system therefore assumes a relatively difficult to change core of the
system, the generic graphics editor, with increased capability of
updating everything around it.
This central facility for digital modeling provides a set of
generic operations for the manipulation of geometric data, the generic
interfaces in order to communicate information consistently with the
other parts of the system and the outside world, as well as a powerful
facility for programming within its environment.
Around it stand a large number of potential other computer
facilities, either as interfaced applications packages structured
appropriately in order to form an efficient facility for alphanumeric
data manipulation, as part of the visual information system or as
overlays to the graphics editor, programmed with the facilities provided
from the editor.
This approach clearly distinguishes two levels of software
development and ensures within a stable environment a potentially
infinite number of different uses of the graphics editor, each one
suitable for a specific design task. However there is no need for
particular training since the basic rules for the operation of the
editor are the same in any instance and the hardware and software
configuration are also familiar.
105
Several software vendors in the area of CAD have already
made impressive progress towards this proposed area and have already
developed graphics editors with several of the features that are
required for this model to work efficiently. Also several other vendors,
have already started to market software, programmed on the second level,
within the facilities offered by these generic graphics editors.
3.3 The Modular Graphics Editor
3.3.1 The Graphics Editor - Introduction
Importance and Use
As already stressed the importance of the graphics editor
within an open computer system for architectural practice, stems from
its use as the primary input and output of geometric information, the
kind of information the architect more than any other professional has
to able to manipulate. Furthermore, the importance of this tool within
an architectural firm is justified by the wide variety of its
alternative uses, ranging from drafting to the most sophisticated
applications in design.
The graphics editor might be used for component building,
unrestricted architectural design, or simply to study the facade of a
palladian villa.
Not only is the graphics editor expected to perform very
differently within the various tasks involved in the design of any
individual project, but different projects often impose their own
restrictions and standards for the optimal performance of this tool.
Still the design process as well as habits of the particular architect
make the problem of defining a optimum function of a graphics editor
even more complex.
Permanence of the Facility.
One other major consideration for the graphics editor is
that it is a computer tool that once acquired by the firm, it is rather
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difficult to change. This is due to the considerable amount of initial
investment, training and organizing that is required for this rather
complicated tool to be set up and running and also, to the fact that
once the system is running there is still considerable investment in
customizing the editor with subroutines, libraries of parts, fonts etc.,
which make it more efficient. To this one must add the further
complication of converting all archives of previous drawing files, to a
format readable by the new graphics editor.
Therefore unless major breakthroughs are introduced from one
particular company, it is rather unlikely that a specific firm shall
decide to switch to a different software vendor for this critical
central component of its software infrastructure since this would imply
that this considerable amount of investment would be wasted. Although
such switches are probable once every ten or fifteen years in order to
make up for a bad choice of software vendor or unpredicted developments
and highly efficient new technology, a considerable degree of
faithfulness to already existing facilities is expected.
It is therefore of particular interest to the firm that it
picks a reputable software vendor that markets a well structured program
with potential for expansion.
Excluding Alternative Scenaria.
The illustration of the problems that a firm has to face in
order to replace its old graphics editor with a new one, makes it
unnecessary to stress the futility of attempting to utilize
simultaneously more than one graphics editor in the firm.
Since the graphics editor has to perform efficiently in a
variety of different situations, and the problem cannot be resolved by
the parallel utilization of several facilities each efficient in the
performance of some of these tasks, there is a need to conceive a single
tool that performs the job.
However it is rather difficult to design, program, debug,
maintain, and update a comprehensive graphics editor that performs
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optionally in all these different situations. Even if such a deed was
undertaken and carried through efficiently the following major problems
will most likely occur :
- The system will be too large and complex and will require
a long time for users to get familiar with it, which is very bad, since
it threatens to turn the process of becoming familiar with the tool into
a very lengthy operation. The graphics editor has on the contrary to
remain a handy, simple and easy to learn and use, tool.
- The system will be difficult to update, very rigid and
very difficult to debug. It is also likely that if needed in the future,
it will be highly unlikely that conceptual changes in the structure of
the system will be performed with ease and without major changes in the
use of the system and major inconvenience to the users. This implies
that the "large and comprehensive" system will soon be far less
efficient than available technology would permit.
- Most important of all, no matter how complicated the
system becomes, the user, especially in the field of architecture and in
the very controversial issue of design, will still find areas where the
systems' performance does not suit his individual needs and preferences.
The point is made that a large comprehensive generic
graphics editor, programmed, updated and maintained by a single software
vendor, is both difficult to implement and unlikely to meet user
requirements.
Instead, the answer to the problem can be provided by a
different approach, that is advocated by an open computer system for
architectural practice. This system has as its core a compact
transparent graphics editor which provides only a primitive set of
facilities for manipulation of geometric data, generic interfaces with
the outside world, as well as a powerful programming environment for
internal programming and further customization. Other interested
software developers, including the user, of the system can develop
overlays for this graphics editor and thus make it particularly suitable
for specific applications.
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3.3.2 Division of Tasks and Responsibilities at
Various Levels of the Graphics Editor
TOP LEVEL - Permanent Core of the Graphics Editor.
A software vendor specializing in CAAD produces a generic
tool which provides a set of finite drawing primitives essential for any
application of the graphics editor. The package has to have the
following features :
- Appropriate devices for the interface with a wide range
of available hardware in the market.
- Appropriate hooks for interfaces with other programs.
- Appropriate facility allowing for customization within
the graphics editor in the form of overlays.
The first issue related to the interfaces with other
programs is quite obvious. Within an open environment, one cannot afford
to invest resources i.e capital, but most important time, on a graphics
editor that does not guarantee good communication with the rest of the
world. The graphics editor will have to provide a facility for
extraction of both geometric and alphanumeric information from a drawing
file to the outside world in a generic (straight ascii) format,
understood by other applications - components of the overall system.
Also hopefully several easy to use facilities for extraction of
attribute information that can be processed by a facility for
alphanumeric data processing.
The second issue related to the customization of the generic
editor is critical since on this feature depends whether the graphics
editor will eventually satisfy the users needs, allowing for a
sophisticated information tool to be built around it.
Responsibilities of the software supplier at the top level of the
generic graphics editor:
The vendor provides a small package with the primitive
geometric manipulations and geometric data base operations as well as
the programming facility and the hooks with the outside world previously
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described. The data base management at this level has to be particularly
sophisticated since inefficiencies at this level will have considerable
impact on the performance of the whole system.
The software developer at this level is responsible for
updating his facility according to new inventions and developments,
correcting already existing inefficiencies if any as soon as possible.
He also is responsible for providing facilities for efficient interface
with every possible hardware device that may hook to the system and is
available in the market. The vendor is also responsible to increase the
efficiency of the programming environment within his program. He is also
responsible for good documentation.
The major responsibility of the software developer however
is to ensure that the changes and updates he implements in his recent
versions of the software do not in any way affect work already performed
by the user or other developers utilizing the programming environment
within the graphics editor for further customization of the product for
specific applications.
LOWER LEVEL - Programming within the programming environment of the
graphics editor : In the development of the system there is however a
second level of programming involved and it is at that that level where
the graphics editor is provided with the power to be efficient in the
various applications where it is likely to be utilized. This is the
level where customization of the graphics editor occurs.
Thus the programming environment within the editor is
utilized to create a large number of modules that are attached to the
core of the editor. These modules can be conceived as overlays and
consist of custom made menus, linked with specific files which contain
sequences of commands that are invoked from the menus upon request from
the user of the system.
Each one of these modules, is invoked separately by the user
according to his immediate needs. No extra training is required for the
use of these modules since the rules and syntax of the system is defined
by the set of drawing primitives that are provided by the software
110
sypplier. The system does not depend on any one of these modules in
order to operate in its most primitive and suppressed version, however,
any combination of such modules can be added to it in order to enhance
it and make it more efficient in the performance of specific
applications, as well as subtracted from it or replaced with some other
module.
Conclusions
This model leaves us with a totally modular graphics editor.
The tool is very flexible, can be easily updated and does not require
extensive training. Furthermore the various modules can be programmed in
two very different ways a fact which adds to the flexibility of the
system. They can either be developed by independent software developers
that are directing their activities at the task of customizing a generic
graphics editor, or can be programmed by the architect himself.
The first case is most probable in terms of generic
applications of a great magnitude, like developing a facility that makes
the graphics editor efficient for entering site information, or for
designing floorplans -as opposed to details- etc. Such modules have
already started to appear on the market in the micro-world. This
tendency is likely to increase dramatically once the marketplace
gradually becomes more stable and is dominated by a few companies
supplying graphics editor packages.
The architect is more likely, either by himself of with the
help of programmers to develop much smaller facilities that nable him to
format his drawings in a specific way or to change the sequence of
several operations. He will even have the possibility of developing
large and complicated overlays similar to those the middle level
software developers are producing, a fact which will allow him to have
facilities that are tailored to his specific needs. However it is
expected and most likely that due to limitations of time and probable
lack of interest by the architect, this will be the exception rather
than the rule. It may also be assumed that in times of low bussiness a
firm can invest on building up facilities that can pay off in the future
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a fact which was not possible in a non computerized firm or in a firm
that invested a lot of capital in advance for a turn-key system.
This hierarchy in the building up of these graphics tools
ensures efficiency while at the same time leaves a lot of room for
expression of individual preferences and needs, a fact which is
particularly helpful when the users of the system are practicing
architects. It also decreases considerably waste of energy in
maintaining the system. The individual programming at each level of this
hierarchical programming environment is concerned with issues of
different nature and has a clearly defined area within which he may
exercise his power and control. The sphere of influence of the
programmers at the top level does not coincide with that of the rest of
the programmers working on overlays to the system.
This model guarantees within a rapidly changing
micro-environment a graphics system that is both continually updated at
various levels while at the same time has the stability in terms of
basic rules of operation, as well as building up of facilities and
graphic databases, that an architect requires.
This is the graphics editor on which the proposed CBIS is
overlayed. Each CBIS for a CBBS must contain an overlay for the specific
graphics editor that the architect uses. This means that when an
architect wishes to design a building using a specific CBIS the only
modification he has to make to his graphics editor with which he is
already familiar, is to add to it one more module-overlay that makes his
graphics editor appropriate for design buildings with the specific
building system.
3.3.3 Essential Features of the Graphics Editor
Recommended features that need to be provided by the
graphics editor will follow, presented according to the level of
programming where they should ideally be considered. Generic features of
the system to be provided at the top- level of the graphics editor:
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- Maintenance of a data base of geometric entities like
points, lines and polygons.
- Appropriate tools for interactive manipulation of these
entities.
- Capability for naming groups of geometric entities as
well as querying and manipulating efficiently the entities
by means of their name.
- Capability for interactive display of these entities in
several user specified formats i.e. Plan, Axonometric,
Perspective, etc.
- Facilities for customization of the package i.e. internal
programming, in a language that is appropriate, most likely
some version of LISP.
- Generic hooks for interface with other programs.
- Both on screen and tablet menus for easier input.
- Capability for variable and easy output.
- Drivers for interface with a wide range of hardware and
peripherals.
Generic features to be provided by programming at the lower level of the
graphics editor. (OVERLAYS).
- Capability for the efficient manipulation of entities in
an environment where few complex manipulations are frequently
demanded.
- Interfaces with specific applications that are suited for
work within a particular environment.
- Appropriate interface which allows the user to acquire
expertise within a narrow area of interest.
- On screen documentation and explicit presentation of the
rules and constraints imposed within a specific environment
as for example a particular Building System.
- Performance of user defined procedures suitable for his
own method of designing.
- Fast and efficient performance of several laborious user
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defined drafting tasks that are frequently repeated within a
particular firm.
Of the above facilities most are likely to be designed and
implemented by independent software vendors. The last two are most
likely to be developed by the user himself or by a programmer hired for
this purpose by the user. However the overlay for the efficient use of
the graphics editor when using a specific building system is designed as
an integral part of the CBIS and is supplied to the project architect by
the building system manufacturer together with a set of applications and
modules that run with it as well as specific hardware that might not be
part of the computer system of the firm.
3.4 Data Processing
3.4.1 Data Base Management
Any integrated computer system to be used in architectural
practice has to develop a systematic method for symbolic description of
a building, as well as a method of accessing and organizing the data
that will be helpful in order for this description to be developed
easily and efficiently. This includes the issue of organizing and
storing both geometric and alphanumeric information related either to a
particular building or to generic facilities, parts of the open computer
system. There is also a clear distinction among physical and logical
structure of the data.
The system accesses, and uses data that is required for the
development of the various projects. This data is contained in the
master file, it is used several times, and increased access to such data
increases the power of the computer system of the firm.
This data can be geometrical, alphanumerical, or visual.
Part of this data is likely to be directly linked to one of the overlays
of the graphics editor, developed by independent software vendors and
representing a considerable capital investment for the particular firm,
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or provided free from an interested individual, as in the case of a
catalogue of systemic components provided from a manufacturer to the
firm. Other can be propriatory, developed by the firm itself as part of
custom made subroutines that were developed indoor. This part of the
data is of considerable value for the firm probably more important for
its operation than the actual software (program) and is likely to be
kept indoors.
However there are examples of data and facilities, parts of
the master file of generic information, that due to their size as well
as the generic nature of their use, either cannot, or should not be kept
indoor. Such data, as for example the data related to building
regulations of a specific area, is not in any way propriatory and can
only be maintained by a central organization. Therefore the
architectural firm will have access to such data through the network, or
at worse, a modem.
The other major set of data, that is utilized in an
architectural firm is that associated with a specific project. This data
is contained in the project file. If more than one project is currently
in process, there are several active project files. The users of the
system are manipulating the data primarily though input from the digital
modeling tool, in order to develop a building description for the
building to be designed.
Once this building description, containing both alphanumeric
and geometric information, is developed, several data processing and
analysis subroutines are utilized, in order to evaluate the efficiency
of the building described. These analysis subroutines operate only on
the data contained in the project file and most frequently in the
alphanumeric data contained in this file. There is increased interest in
the development of evaluation routines that require as input geometric
data, but these require far more sophisticated techniques in the area of
artificial intelligence and knowledge engineering.
Finally besides the currently active project files, there is
also the historical archive of the firm. This is a data file where the
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most important of the data contained in the active project files is
stored for future reference, once the projects are completed. This file
contains primarily graphical information, i.e. vector drawings, and also
visual information developed and used with the new and powerful video
disk technology, related to the construction process, the final
constructed project, etc. Obviously the requirements for speed of access
for this last file are significantly reduced.
As already mentioned a distinction is made among physical
and logical structure of the data. The physical structure of the data is
concerned with the data storage media such as core memory, disks,
magnetic tapes, optical disks, etc. It actually describes the pattern of
data in computer memory and its representations by means of physical
devices.
The logical structure refers to relationships between data,
stored as sets of entities as e.g. files, records, fields, etc., which
determine the different ways records can be accessed by using the
facilities of a programming language or a data base management system.
The logical structure requires relationships between attribute
categories at different levels of hierarchies and subsets.
As an example a building can be conceived at a functional
level as a set of functional entities or at the structural level as a
set of components belonging to a set of compatible subsystems. In each
case different techniques are required for the retrieval of a particular
kind of information. Several such alternative generic logical structures
for the representation of the geometric data associated with a
particular building, exist. These were considered briefly in the first
chapter of this document.
The Open Computer System for Architectural Practice would
ideally provide the user with a generic graphics editor which can modify
the data representation of the building description according to user
specified requests that stem from the nature of the particular project.
Since this is at the moment a particularly optimistic scenario, given
the state of the art of existing digital Modeling facilities and CAAD
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systems, an alternative more modest scenario is proposed for the near
future, so that it can provide an efficient environment for component
building.
The digital modeling tool utilizes a polygon and polyhedron
representation, which is suitable for conceiving the building at a
structural level as a set of subcomponents. It is however less suitable
for rationalized traditional construction, as well as building expertise
onto the system, associated to design tasks and functional requirements
of spaces.
The hardware configuration which allows the storage and
retrieval of this large amount of information is also of interest at
this point. It determines to a large extent how much information can be
kept indoors, and how rapid one can expect the retrieval of this
information to be.
The data of the system is stored primarily on magnetic
media, and all but the historical archive of the firm has to be stored
on some kind of harddisk that is on line. The historical archive can
also be stored of detachable floppies, but most likely it is again going
to be an external detachable harddisk. All harddisks utilized in the
firm have to have tape-backup capabilities. To this scenario we have to
add the potential of utilizing optical disks for storage and retrieval
of data.
Merging videodisk technology and computer capabilities has
made feasible an innovative data base management system combined with an
information retrieval system which utilizes prestructured image disks
that are controllable from a computer data base system. Using the
optical disk as a storage media is a powerful innovation for several
reasons. It provides high capacity of memory storage, independence of
physical structure and logical structure, as well as capability of
computer graphics and image display.
The major disadvantage of this storage system at present is
that one can only write on the disk once. Although the cost of the disk
is still very low related to its capacity for storage of information, it
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is likely that this system will find more applications in the storage of
permanent information part of the master file and it is less likely that
it will be utilized for storage of information that will require
constant updates.
3.4.2 Alphanumeric Data-Processing - Analyses
In the context described in this document, data processing
refers to any kind of application which performs an analysis using the
alpha-numeric information associated with the graphic representation. It
usually includes straightforward applications of the report generating
facilities of the data base system.
Vector drawings created by the digital modeling tool contain
alphanumeric information stored in the form of attributes within the
drawing. These attributes can either be assigned to particular
components that form part of the drawing or can be assigned to spaces
that are formed by the insertion of the components. Different
applications require a different approach on this issue.
Other alphanumeric information contained within vector
drawings relates to the names given to groups of entities e.g. blocks or
symbols defined within each drawing, which too are often useful for
manipulation by the data processing facility, however most likely,
harder to extract. The third kind of similar information contained in a
drawing, text, is unlikely to be ever of some use outside the specific
drawing within which it was created.
The data processing system is much more efficient a tool
than the graphics editor for manipulating alphanumeric information.
Therefore the strategy is to store within the drawing only a minimum
amount of alphanumeric information. The data processing facility is then
responsible for deducting from the minimal information provided from the
drawing, the associated information and then perform several analyses
and manipulations on this data. This strategy is particularly helpful in
component building where the code of a component stored within the
118
drawing can later be associated with a large amount of data.
A relational environment is conceptually most suitable for
the manipulation of such data. However the link between the hierarchical
environment of the graphics editor and a relational environment of a
data processing system is not always easy to implement in a generic way.
The range of types of analyses that might be carried out at
the various stages of a given architectural project are virtually
unlimited and rather diverse. Since different tasks within a project are
undertaken by appropriate specialists, each one contributes to some
extent to the development of the final product, and according to each
one's viewpoint, different types of analyses have to be carried out.
The list of potential analyses is endless, containing
facilities for structural analysis, bills of quantities and cost
estimates, real estate development, thermal, lighting, acoustic
analyses, etc. The tendency now is to develop more facilities that can
perform analyses that deal with non quantifiable aspects of the project,
issues related more to architectural design, and a lot of relevant
research is performed currently in the area of knowledge engineering and
expert systems.
Several quite different environments exist, potentially
appropriate for data pracessing each with its own strongpoints and
shortcomings. One is clearly that of a data base that is suitable for
storage of large amounts of data, easy retrieval and manipulation of the
data as well as facilities for report generation. Within this scenario
there are several alternative approaches, namely the hierarchical
approach, the relational approach and the network approach. In most
cases the relational approach seems to provide satisfying results.
An other alternative environment that proves more suitable
for extensive manipulation of numerical data, is the spreadsheet
environment. The spreadsheet environment is that of a large matrix. Each
space - cell in this matrix contains information, or formulas for the
manipulation of information. The simplest definition of a database
stored in a spreadsheet environment is a list of information stored in a
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range of cells that spans at least one column and two rows.
The major generic distinction between a spreadsheet
environment and that of a conventional data base is that the data base
environment is more suitable for storing a large amount of data while
the spreadsheet can perform more easily manipulations of this data.
Therefore the spreadsheet environment is particularly helpful for
dealing with analyses related to the building process, since most of
them require a considerable amount of calculation and manipulation of
numerical data.
It is therefore appropriate to utilize a data base
management system for the storage of the large amount of data that is
required at various stages of the design process and to use the
spreadsheet environment for the manipulation of this data for specific
analyses. Thus the relatively small amount of data required for a
specific application is sent over to the spreadsheet from the data base
where it is manipulated appropriately in order to produce the desired
results.
A generic difference between the digital modeling facility
and the data-processing facility is that the latter requires far less
training for its use and does not have to deal with the delicate issue
of manipulating graphical data. It is thus possible to envision a system
with more than one environments for data-processing that are linked
together and interfaced with the core of the graphics editor.
However each one of these environments as parts of the Open
Computer System for Architectural Practice must allow for internal
customization and development of subroutines that make it a versatile,
user friendly tool. The various analyses performed within the
spreadsheet environment are precisely that, overlays that are programmed
within this environment by the use of appropriate macros.
3.5 The Visual Information System
3.5.1 Computer Graphics and Image Processing -
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The Notion of the Interactive Data Image File
Computer graphics techniques are of particular importance to
architectural practice. The are utilized in drafting, production of
perspectives, sections, axonometrics or mapping.
A digital modeling tool, a graphics editor, is an efficient
tool for the interactive generation and manipulation of graphics. This
approach of electronic simulation, allows the architect to generate
vector drawings representing perspective views of the building and
manipulate them interactively by the use of a device like a light pen, a
joystick, a mouse, or a digitizer of some kind.
However linking a videodisk to the digital computer, creates
a new visual dimension which constitutes a valuable visualization tool
during the design process. The system is used both in the final
presentation and for the optimization of design decisions during the
design process. It enables the architect to proceed with parallel
electronic simulation and optical simulation. The latter enables the
user to view an animation system prestored on the videodisk.
A closely related field of application of interest to the
project architect is that of image processing, which implies computer
analysis of visual materials such as photographs. Typical applications
of this technology today is analysis of earth satellite photographs to
extract data about land use, mineral deposits, etc. Such analyses can
also be based on a graphics editor for interactive manipulation.
Additional use of a digital decoder will enable the system
to process the images stored in videodisk. In this case vector drawings
can be stored on the videodisk and downloaded to the local computer
system for manipulation. Thus the building description of a given
project, can be built by utilization of standard components which are
stored as vector drawings in the videodisk. The computer's memory can be
filled from the disk in any place in order to control specific sequences
as viewer-movie interaction unfolds.
So a new new concept is presented as the basis for a data
image management which combines image storage in videodisk either as
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slides and video sequences or as vector drawings, and image retrieval
through a digital modeling tool, the graphics editor.
The utilization of video technology as an integral part of
the open computer system for architectural practice, provides major
improvements to the system, both during the interactive process of
developing the computer resident building description of the building,
but also during the development of the final output, the presentation
documents.
Optical disk storage of information is particularly suitable
for the storage of large quantities of information which is relatively
permanent. Video disks are particularly useful for storage of visual
information, as for example images of components included in Sweets
catalogue, which is updated only once a year. It can also contain
propriatory information for the firm, like exemplars of particular kinds
of buildings, etc. The retrieval of this visual information is achieved
through the graphics editor as well as some relevant analyses packages.
The system is fully integrated. However for tasks related to the
particular project, it is likely that common video tape technology is
more appropriate. Here it is important to record information quickly
related to the particular project, the site, etc., to be able to access
it from the system without having to go through the lengthy process of
pressing a videodisk, and to be able to put together video tapes for
final presentation to clients. It seems that video tape technology is a
particularly suitable visual information system to complement the
graphics editor for manipulation and presentation of project specific
data.
3.5.2 Principles of an Interactive Videodisk
The primary function of an interactive video system is
random access of data. this is the ability to access any segment of a
pre-recorded video program with speed and accuracy. The standard video
disk commands include searching to a specified frame #, playing
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successive frames forward and backward at specified rates, freezing on a
single frame, etc.
An optical (laser-based) video disk can store an enormous
amount of information in a small space. It is possible to store more
than 2 gigabytes of digital data on each side of the video disk which
makes each video disk capable of storing approximately 54,000 images or
the data contained in 5,000 floppy disks.
Its basic advantages besides high storage capacity are high
speed random access, both motion and freeze-frame reproduction and two
sound tracks. The videotape, with its clear single frame display, its
fast access time, combined with low cost hardware and durability will
provide unprecedented technical control and automation of instructional
presentations, as well as presentations of ideas and schemes in
professional practice. The proliferation of video-computer applications
can be expected to include inexpensive portable devices and interactive
TV networks.
3.6 Building Expertise Into the System
Most analyses packages that form part of the data processing
facility of the open system for architectural practice, tend to be
particularly suitable for processing alphanumeric data and presenting
the results of the evaluation to the user. This is understandable since
it is easier for a digital computer to deal with quantifiable properties
of the building and manipulate them efficiently.
However the quality of design cannot be measured in these
terms and the validity of particular solution depends primarily on
qualitative issues or issues which are quantifiable but where the rules
for this quantification are particularly complex and dependent upon many
other factors. In a few words heuristic knowledge is important, in order
to come up with viable suggestions for these complex problems.
Most research in issues related to computer aided design and
any issue related to the way a computer system can assist the architect
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in decision making towards a particular design solution, or at least
evaluate a given solution, is therefore focusing in the area of expert
systems and knowledge engineering.
Expert systems have been previously described. They can be
used to assist in analytical or synthetic work, however the latter tends
to prove more difficult. They all have a very narrow area of expertise,
which is based on a large knowledge base containing information and
rules for how this information is to be linked together and utilized.
They can be structured in different ways, as rule based systems, frame
based systems etc. However their function is always the same, i.e. to be
able to assist the user by providing expert advice within their limited
area of expertise, to be user-friendly in their interaction with the
user, to be able to justify their answers, to be able to learn from
experts and in short to act the same way as a skilled human consultant
would.
The most serious limitation of expert systems today that
prevents them from being particularly useful in practice is their very
primitive mechanisms for input of data in the process of building the
knowledge base. It is becoming more and more conscious that the lengthy
and tedious brainstorming of experts in the field and computer
scientists is a serious handicap for the implementation of any expert
system.
In the case of architectural design, there are many more
reasons that make this scenario difficult to implement. Design is too
complicated a task to be able to decompose it objectively, decide on the
rules and input them consistently in a knowledge base.
In the context of the open system for architectural design
the expertise is too stored in a modular way and distributed all over
the system. There are no large elaborate systems that deal with the
immensely complicated issues related to architectural design. Instead
there are several small expert systems that are built to decompose the
most simple puzzles that an architect encounters during the design
process.
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Each such "mini" expert system is called from the drawing
editor in order to evaluate, advice or interactively help adjust a
particular issue for which it is designed to provide advice. Access to
these facilities should be very easy and provided directly from the
graphics editor.
These facilities are created within a given "shell" for the
design of expert systems. Since even the smallest expert system in order
to be efficient and of use in professional applications must contain a
relatively large amount of data, it is likely that both the design of
such systems, as well as their use, will have to rely for the immediate
future on the use of minicomputer facilities.
Ideally, in the long run, as hardware inference engines for
the design of the system and input facilities improve, such issues will
be resolved and the key consideration will be fast access and modularity
of the various components. As more of these modest expert systems are
built to assist designers in the most trivial routines within the design
process, expertise will be building up and more ambitious expert systems
might be built based on this expertise, the mistakes of the past and the
extensive "libraries of existing small systems" that have been already
developed. Also users by that time will be familiar with the use of such
tools and the extent to which they should consider their advice.
In the case of the development of routines which can be
thoroughly improved by the incorporation of a considerably limited
amount of expertise within a set of instructions, these routines can
most likely be developed within the programming environment of the
graphics editor. This very primitive model of storing expertise within a
computer program should not be overlooked since it is particularly
useful in the cases where rules are simple and straightforward. Access
time is much faster, flexibility of the tool much greater, and for the
near future hardware required for these applications much more
affordable. If the programming environment within the graphics editor is
some version of lisp or some other language appropriate for artificial
intelligence applications, this task is likely to become much easier.
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4. SCENARIO FOR THE USE OF THE
COMPUTER BASED BUILDING SYSTEM
4.1 Introduction
This chapter attempts to briefly describe the essential
features of a C.B.B.S. The use of the C.B.B.S. presupposes the existence
of an Open Computer System for Architectural Practice which has been
described in the previous chapter.
The system assists the user to rapidly become familiar with
the rules of the building system and to design the project with the
minimum waste of resources. The ultimate goal is to increase the
efficiency of the design process by ensuring consistency, and
eliminating time and cost of the process.
The Computer Based Building System initially supports the
user in the selection of the appropriate subsystems among a list of
options, whenever such options exist. It is also responsible for helping
the user become familiar with the essential rules of the system in an
interactive tutorial. These tasks are referred to as preliminary tasks
since they are performed before the actual design of the system is
initiated. The goal is that these tasks are suppressed as much as
possible to the benefit of the nest stage which involves the actual
design of the project.
The next stage commences with the schematic design of the
project. This stage is critical since several alternative design schemes
are considered and evaluated. The goal is to force decisions towards the
initial stages of the design process. This implies the existence of a
separate set of evaluation routines which are appropriate for evaluation
at the schematic design stage with only a limited amount or relevant
information.
The schematic design stage is followed by the detailed
design stage, which is automated to a large extent, depending primarily
upon the nature of the building system utilized. This stage is followed
by the final stage which is dedicated to the production of the
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construction documentation. This step is totally automated.
All stages of the process depend on interactive graphics,
which provide the link with the Open Computer System for Architectural
Practice. The use of the system is based upon an interactive session
with the computer where the rules of the system become apparent to the
user without diverting him from the design for long tutorials on rules
of a system which he is likely to never again utilize.
The goal is that the user does not have to make a major
investment in time in order to utilize a specific building system.
Instead, the utilization of a building system in a particular project
implies considerable savings in design time. The project architect is
more willing to utilize an "open system" approach. since the
incorporation of each system in the building does not require specially
trained personnel. Thus the use of industrially produced building
systems can be generalized and the size of project and firm shall no
longer restrict their use.
4.2 Preliminary tasks
4.2.1 Selection of compatible subsystems
This feature is optional and is only relevant in the case of
Computer Based Building Systems which contain a large number of
subsystems, as in the case of a large closed building system. In such
cases the user is offered an option among several alternative subsystems
which perform a specific function, e.g. partitioning or plumbing,
according to the specific needs of the project he is required to design.
Clearly the selection of these subsystems is the first step
in the decision making process the user has to go through, before he can
further utilize the C.B.B.S. and proceed with the design of the project.
All subsystems are compatible since they are part of a closed system,
but the user has to be informed on the individual features of each
system in order to make a rational choice.
The system provides the user with relevant information on
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each of these systems, and helps him decide on which option suits best
his individual needs. This facility in its most primitive version can
simply consist of a non interactive tutorial containing slides and
textual information, hopefully with the assistance of the visual
information system, or at best can be some kind of expert system which
will interact with the user and justify its suggestions.
4.2.2 Interactive Tutorial
Once-the set of building subsystems to be utilized in the
project have been selected, the system is responsible for providing the
user with more information about each subsystem to be utilized. This is
achieved by an interactive tutorial in which the user can select the
areas of information that are of particular interest to him.
However, the flow of information to the user at this point
must not exceed a certain amount. The goal is not to replace the manual
of the "paper based" building system with a electronic manual. Instead
the user is provided with only the information that is necessary in
order to become familiar with the basic rules of the system to the
extent that these will influence the design concepts to be followed.
The Computer Based Building System aspires to provide the
user with information implicitly during the design process by
appropriate grid and snap facilities, instead of explicitly teaching the
project architect the rules of the system. Therefore the interactive
tutorial only aims to cover the information that the designer needs to
be aware of before the design commences.
The tutorial is based on appropriate combination of textual
and visual information. The system ideally utilizes both slides of
vector drawings, and the visual information system described on the
previous chapter which is based on video technology, however can be
utilized alternatively even without the need for the extra expense which
required for the hardware of the V.I.S. The system can display either
single slides which contain information that the user can read and
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provide some feedback, or can display video sequences which demonstrate
construction sequences, exemplars of buildings etc.
4.3 Schematic Design
4.3.1 Introduction
A sketch facility enables the user to construct rapidly a
three dimensional representation of the building. The only information
that is represented at this stage is related to the volume of the
building and even that is not yet accurate but indicates the users
intentions in very general terms. The volumes can either be polygons,
extruded in some height in the third dimension, or in more sophisticated
systems and according to the needs of the particular building system are
likely to be polyherda which implies a true 3D facility.
When nature and prospective application of building system
allow for standardization of functional units within the building at a
scale that affects the volume and the layout of the final building,
libraries of such standard volumes are also available to the project
architect.
The system produces a wire frame drawing that can be seen in
isometric and perspective modes from any defined view-point. Hidden line
removal facility useful but not essential.
The system also provides for a sequence of routines for
brief calculation of construction costs for each alternative proposal
based on the building subsystems selected, the volume of the building
etc. Also a set of applications that perform very brief thermal
calculations and eventually provide the architect with a brief estimate
of the maintenance and running costs for each alternative solution.
The user has therefore the opportunity to rapidly construct,
view, review and evaluate several alternative design schemes for the
specific project in a very short period of time.
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4.3.2 Creating the alternative schemes
Since the user has already decided on the preferred
structural system to be used or other subsystems that are critical for
the modular coordination and dimensioning of the building, a variety of
tools are available in order to assist the user at this stage to come up
with a sketch design that is realistic and easily implementable by the
selected building system. Grid and snap facilities for example might be
utilized to indicate optional floor heights, widths of wings of the
buildings etc.
It must however be stated that these indications should not
be restrictive since the user might wish to include non systemic parts
of the building in the schematic layout design.
The above mentioned facilities are meant to constantly
remind the user of the rules of the building system chosen. However
there are several instances where the user might be willing to be
further guided and restricted with functional constraints irrelevant
with the structural system. This is normally the case when the building
system has been specifically designed for a particular type of building
e.g. school, hospital, etc., as was the case with several computer aided
building systems developed in the past. In this case it is also likely
that a library of standard volumes representing functional units of some
scale will complement the sketch design facility allowing the user to
insert these already defined entities instead of building his own
volumes. These volumes may represent classrooms, hospital departments of
various kinds etc. acording to the function of the building.
These standard volumes though simple in their representation
will correspond to well defined to the smallest detail building
descriptions, already stored in the system and presented to the
architect upon request in a later stage of the design process.
This approach of treating complex functional units of large
building complexes as "black boxes" is very efficient and particularly
suitable in the context of a computer based building system. The
principle here again is that the project architect has no need to
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reinvent the wheel. The systems design team that has come up with a list
of specifications and several optimal design layouts for a specific
hospital department given a particular building system is probably more
suitably equipped to make decisions based on a large data bank of
relative information than the project architect who has only general
knowledge of the subject and cannot be involved with all the relevant
technical details. The role of the project architect is instead to link
these functional units together along a circulation spine in a
functional economical and aesthetically pleasing way which is enough of
a problem in itself.
4.3.3 Evaluation routines
At this point a sequence of sketch design costing
subroutines are initiated with the task of producing very rough
estimates of the cost of each alternative solution according to a set of
parameters associated with the building subsystems chosen, the results
of the site analysis, the volume of the building the total exposed area
of the building etc. These estimates include the cost of materials
involved in construction, construction costs, and maintenance cost of
the building, a fact which calls for several routines that perform
thermal analyssis etc.
It is obvious that it is much easier to reach very accurate
results from these estimates if the system is dedicated to a specific
building type and the layout is an assembly of predefined functional
units which need a well defined set of elements for their assembly and
have a known construction and maintenance cost. (Harness system.)
However if a system is not dedicated to a specific type of building it
is probable that it will still incorporate a library of predefined
prototypes of spaces for various functions that could form a basic
vocabulary for the project architect to utilize. If the largest part of
the layout consists of such library parts the estimate is likely to be
very accurate indeed. It must be noted that this library of functional
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units can be updated and expanded with every finished project that is
built by the system.
4.4 Detailed Design
4.4.1 Introduction
The amount of design decisions still left open for
discussion at this stage depends upon the nature of the particular
building system as well as the approach that the project architect
followed during the sketch design.
If the specific project and/or his creative impulses didn't
leave much room for restriction within the limited vocabulary of
functional types provided by the libraries of the system there is still
a lot of work for the designer at this stage. The system then guides the
architect during this process ensuring that systemic rules are not
violated, and provides the designer with any information he may require.
If on the other hand the project architect used to a large
extent functional units with known and already defined contents then the
design work is already essentially completed. The designer only has to
concern himself with the non systemic parts of the layout as well as any
variations or beautifications of the original solution he may find
appropriate.
4.4.2 Production of the detailed design of the project
In this stage the user of the CBBS needs primarily two tools
that will assist him in the production of a final design that is
efficient, without excessive waste of resources. Both tools ideally
operate in the same manner, hopefully within the same graphics editor
with the operation of which the user is already familiar but are
suitable for performing radically different tasks.
One of these tools is ideally designed to assist the user in
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designing the systemic parts of the building, allowing for several
levels of automation of the process according to the scale of the
building, its use, particular conditions of the site as well as the
extent to which the project architect wishes to automate the process by
utilizing previously defined functional units and avoiding deviations
from the rules of the system.
The second tool is suitable for the design of the non-
systemic parts of the building that are likely to exist for reasons of
efficiency and appropriateness of available alternative systems within
the particular local market. These "non-systemic" parts of the building
which are likely to be proportionally increased with increased total
area of the building layout as well as complexity of the building
program, exist up to this stage as defined "black-boxes" within the
overall building layout.
This tool will provide the architect with infinite
flexibility in order to design them efficiently. It will appear to some
extent like a conventional graphics editor, however it has to be both
suitable for architectural applications, i.e. appropriate for the
insertion of walls, doors etc., while at the same time very powerful and
not restricted to orthogonal representations. It should allow with the
same ease both the design of an orthogonal room with standard walls and
of a room enclosed by several walls of varying thicknesses placed at
random angles.
This facility is in most cases likely to be part of the Open
Computer System for Architectural Practice, permanently resident within
the firm and produced independently from the C.B.B.S. However, the
C.B.B.S. should contain some module, however primitive, that performs
these tasks, or should be designed in such a way to easily interface
with a similat tool produced by some other independent manufacturer.
Besides the help on line through the terminal and the
explicit indication of the rules of the system at every stage of this
process, several other interfaces have to be developed in order to
provide the user with additional services at this stage. These include
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access to spreadsheet for calculations, as well as other analyses and
evaluation packages. They also include access to the apprropriate
information about the building system, the project site and the legal
and other constraints with which this site is loaded. More advanced
facilities at this stage would include access to expert systems which
would provide expertise for particular design tasks. This implies the
existence of a kind of a Decision Support System for the designer.
An other useful potential interface at this stage is that
with the Visual Information System. The Video Disk serves as an archive
for storage and'retrieval of large quantities of visual information
which can be displayed in several modes upon request at any stage of the
design process.
This last application seems to be very useful since it can
be utilized to display slides as well as video sequences of systemic
components, construction sequences as well as buildings constructed by
the system, details of the buildings, finishes etc. It can also be
utilized to retrieve images unrelated to the building system itself such
as exemplars of buildings of various functional types, of buildings of a
particular local context etc. The user of the system will ideally have
access to a large database of such visual information which will assist
him in his design.
However it is important to have in mind at this point that
the user should have access to these facilities without the need for any
capital investment in either hardware or software besides the equipment
he is already familiar with, and has already access to, in his current
practice. It is hard to imagine a project architect happily deciding to
utilize, and more important efficiently using, a computer system that is
totally new to him, for the design of a single project of a relatively
small scale, unless some components of the system are already familiar
to him. As appropriate such components for an architectural firm, one
immediately identifies the graphics editor as well as some of the
application packages which can potentially be parts of the O.C.S.A.P. It
might well be that components of specific hardware are provided together
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with the complete software package (i.e. the C.B.B.S.) by the building
system supplier to the project architect that is committed to designing
a project with the use of the specific building system. And indeed, one
may argue that the supplier has considerable incentive in doing so
especially if the project is relatively large. Some of the software
might be provided in house, while some other, like extensive data-bases
could be accessed through the network or at worst through a modem.
However in times of peak in the demand for the system, as
well as in instances when the project to be designed is relatively small
and therefore the task of designing relatively trivial, it might not be
possible or even appropriate for the systems manufacturer to supply the
whole package. The system should be built around the graphics editor in
a modular way, so that several components - modules - can be added for
the benefit of the overall package and the facilitation of the task of
the designer. However these components are not be mandatory for the use
of the system which is flexible with a wide range between a "minimum"
and a "maximum" package.
4.4.3 Evaluation routines
Evaluation at this stage consists of a package of routines
accessible from the graphics editor that inform the architect - user of
the CBBS of the performance of his design. Such routines involve
costing, daylighting and artificial lighting analysses, thermal
analysis, which gives the user some indication of the maintenance costs
of the building, structural analysis etc.
In the future and as research in the area of knowledge
engineering advances one will hope to see some expert systems which will
be able to read graphics information and be able to produce some
evaluation of the actual design of the project or at least be able to
answer specific questions.
At present however, the generic differences between this set
of analysses and the previous one in the schematic design stage is that
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now there is much more data to be analysed and therefore a much higher
expectation of accuracy from the results and that these results will be
utilized for the evaluation and further improvement of a given solution
until a standard that the architect considers satisfactory is reached
and not for the evaluation of alternative solutions. It is obvious that
these new programs are much larger and take more time to run than those
utilized in the previous stage.
4.5 Production of Construction Documentation
4.5.1 Introduction
The production of construction documentation is the part of
the process of using the CBBS when the system takes over almost entirely
and relieves the user of a large amount of repetitive tasks that he
conventionally had to invest time and effort on.
This stage involves the production of the construction
drawings, the production of bills of quantities of the components that
are utilized in the proposed building, a task particularly easy in the
case of component building, the production of the appropriate documents
for the ordering of these components and materials, the production of a
construction schedule as well as a set of construction specifications.
4.5.2 Production of final construction drawings
This process is ideally totally automated. Once the detailed
design phase is completed the user has simply to answer a few questions
regarding the size and format of the output as well as the contents of
each required drawing, and the drawings are produced automatically. The
elegance with which this will be achieved has more to do with the
sophistication of the drawing editor that serves as a base for the CBBS
than the specific overlay specifically designed and provided by the
building system supplier.
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The system, through layering techniques has the potential of
creating drawings of each subsystem separately and at any scale the user
specifies. The user can also select the media and the appearence of the
output from a wide range of alternatives. It has also facilities that
automate to a large extent laborious repetitive tasks, i.e.
dimensioning, etc.
In the case where present limitations of the micro-
environment prevent the system to be properly set up on a true 3D system
that builds a model of the building, then the production of the actual
construction documents might prove a little more laborious prompting the
user a little more at the beginning and requiring a separate interaction
between the user and the terminal for each drawing to be created. Still
this limitation, which with the current rate of developments in the area
can safely be anticipated to no longer be a problem within the next
couple of years, will allow us to have a production of construction
drawings almost entirely automated.
4.5.3 Production of reports: Bills of quantities -
Specifications
The various analyses, invoked as a last stage of the
detailed design phase have produced already a sequence of well formatted
reports that give a good overall description of the performance of the
building as finally designed.
Of these, one must particularly stress the bill of
quantities that is produced automatically by the system and which leads
directly in a total cost of construction for the systemic parts of the
building. The system will ideally also calculate approximate cost for
the non systemic parts of the building according to latest estimates on
material costs. It will produce well - formatted results from within a
spreadsheet environment. Furthermore if the user desires within a
spreadsheet environment it is possible to obtain more figures related to
the suitability of the investment, the maintenance costs, the internal
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rate of return etc.
The system will also generate a set of specifications.
These, should ideally be performance specifications for any non systemic
part of the building or any sub-system that is not explicitly defined
within an already selected set of closed building sub-systems which are
an integral part of the CBBS. The system will automatically produce any
documentation that is required to describe the systemic parts of the
building and will assist the user through a specification editor and a
data-base of specification clauses on the fact and efficient creation of
a appropriate set of performance specifications.
5. COMPUTER FACILITIES WITHIN AN O.C.S.A.P. WHICH
COMPLEMENT THE COMPUTER BASED BUILDING SYSTEM
5.1 Recording and maintaining project information
5.1.1 Recording project requirements and constraints
The first thing a project architect is urged to do once he
is faced with a potential job, is to collect and systematically store
project requirements and constraints in order to first evaluate his
potential interest for the specific job, as well as utilize this
information for the design of the project.
The information at this stage might include programmatic
requirements, desired function of the building, brief information on
budgeting and time constraints, indication of the site, as well as other
specific requirements of the client. This information at this point is
likely to be available in printed format of some kind and may even
include some drawings.
5.1.2 Recording user needs
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In a similar way the project architect utilizes a data- base
facility to record and retrieve upon demand all information that is
relevant to the needs of the user, his intentions etc. This facility
helps him both in the design of a project that is more suitable to the
users need, but also ensures that no waste of resources will occur due
to misunderstanding of these needs.
From an early stage the architect records every meeting with
the client on the system, and later has the chance to observe potential
inconsistencies, and bring forward the issues before it is too late and
resources have - been wasted in work that was not done in the direction
the user suggested.
This facility also is used to protect the user against
impossible clients from an early stage, either by helping the architect
realize the incompatibility in the clients demands, or by providing
evidence that he indeed has been working in the direction mutually
agreed.
5.1.3 Recording Site Information
This facility allows the architect to record consistently
and systematically information related to the site of the project. This
information can be updated continually, as new evidence appears, and in
a multi-user system can be available continuously to all members of the
design team.
The most important feature of this facility is that it
allows all members of the design team, whether they have visited the
site or not, to be equally informed. The project administrator decides
on the relevant information that should be on line for the members of
the team, and the system provides a common base for communication for
the team.
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5.2 Building System Selection
5.2.1 Alternative Scenaria
The first step in the decision making process that will
eventually lead to an efficiently designed product and consequently to a
successful building in terms of user satisfaction and minimization of
costs for both construction and maintenance has to do with the selection
of the appropriate building system to be utilized.
Several factors have to be taken into consideration in this
process, including issues of available raw materials and technology,
cost and particular skill of labor in the area, as well as distance of
the construction site from production areas, quality of transportation
network and time available for construction. It also involves issues
related to local building regulations, climate, and cultural preferences
of the prospective users.
These issues are often hard to deal with effectively since
they are to a large extent interrelated and involve a complicated
optimization process as well as decision making with limited
information. The answer to the problem depends primarily on facts
related to the site which cannot be dealt with efficiently by using a
generic facility. Although the issue is not easy to tackle, this initial
decision on the building subsystems to be utilized is probably the most
essential step that influences the future performance of the building.
To a large extent, most of the following decisions are based on it.
Conceptually such questions can only be answered through a
very interactive process with the computer utilizing the current
developments in the field of artificial intelligence. This can only be
achieved by an expert system that interactively guides the user through
a selection process and help him or her eliminate options in an
efficient way.
This expert system can only be developed by some central
organization which has interest in maintaining a high standard in
information communication. Once the core of the expert system containing
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the rules is developed it can be potentially linked to a number of
separate knowledge-bases each one containing information related to a
specific local context. The project architect utilizes the expert system
linked with the appropriate knowledge base or when in in doubt about the
suitability of each of these knowledge bases repeats the process linked
to different knowledge bases of neighbouring localities and compares
results. It is assumed that these data bases are all similarly
structured following some national of regional standards and will
contain information related to local building regulations, cost of raw
materials and labor for each trade, distances between localities and
production sites of industrial systemic components. etc.
The most difficult task of a project architect today is to
be able to keep track of all the available products in the market and
their specifications. This task often tends to become increasingly
difficult and therefore decisions are made based on the limited existing
information about a few products, excluding better options that were not
known to the architect, often with disasterous effects. In the case of
systems building the architect has only got to make decisions about
optional systems and subsystems of components, a much easier task.
The architect may alternatively choose to utilize a
relatively closed building system in which case he has already limited
his choice of subsystems to those provided by the building system, or
prefer to utilize a more open scenario, in which case he is likely to
select compatible subsystems from the open market. Whatever the case he
is likely to be guided and helped considerably by a C.B.B.S.
5.2.2. Restrictions and present day limitations
The development of a sophisticated Decision Support Computer
System which assists the project architect in the selection of building
sysetms and subsystems from the open market is a very important
contribution that will greatly assist the application of Systems
Building in Architecture.
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It is however understandable, that this is an undertaking of
considerable scale. The problem is not so much in the development of the
expert system itself but in developing and maintaining the various
independent data-bases that are to be linked with the expert system. One
may say that despite its great potential utility such a system is not
likely to be created unless a there is organized action from various
bodies for this purpose and it is not wise to assume that the existence
of such a system would be a given at any context, however developed, in
the near future. This is because it requires a considerable waste of
resources at a -regional level for the creation and maintenance of the
various data-bases as well as very good organization at the central
level for the development of the rules of the expert system as well as a
process ensuring consistency among the various data bases that are going
to be developed at a regional level.
5.3 Designing the Non systemic Parts of a Building Layout
When a set of compatible subsystems are selected from the
open market or as part of a closed building system, to be utilized in a
particular project, this does not necessarily imply that they are going
to be utilized throughout the project. Some portion of the project might
well be excluded for functional aesthetic, or other reasons related to
the morphology of the site etc. This forms the non systemic part of the
building which can be concentrated in a specific area of spread out
throughout the layout. Non systemic parts of a building can be for
example an elaborate staircase in the middle of the atrium of an office
block, or the ground floor of a hotel building containing the reception,
or all the staircases of a particular housing project.
The non systemic parts of a building layout are identified
early in the schematic design process. However, in order for the project
architect to be able to efficiently design these parts of the layout and
to produce rapidly and effortlessly the appropriate construction
documentation, a different environment is required from that for the
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rest of the building.
The overlay of the graphics editor that is suitable for the
design and production of the construction documentation for the systemic
parts of the building layout which is provided as part of the CBIS of
the CBBS, is not useful in this respect. An other generic overlay has to
be utilized instead, permanently resident within the architectural firm
as part of the Open Computer System for Architectural Design.
This overlay to the graphics editor would allow for easy
design in an environment where the user does not accept restrictions
from the system related to materials dimensions of components and
modular grids. The user does not assemble the building form a library of
parts. Instead he is allowed to freely input walls and elements of any
size at any angle and has a menu of powerful commands that enable him to
develop and view his design rapidly and efficiently.
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SECTION 3. IMPLEMENTATION : Development of components of the
C.B.B.S. and the General Computing
Environment for Architectural
Practice
1. INTRODUCTION
This section includes the description of several computer
programs written over the past 18 months, which clarify some of the
principles and techniques already described in this document.
It is hoped that through the description of these programs,
the reader will be able to acquire a better picture of the use of a
Computer Based Building System within an Open Computer System for
Architectural Practice as well as how some of the components of these
systems can potentially operate.
Furthermore the description of these programs which will
follow, is structured in such a way so as to give the reader some idea
of the techniques utilized in the design of these facilities as well as
the various design considerations which underlie their design.
It must be made clear however that these programs do not
form a fully blown computing environment for the application of systems
building in architecture. On the contrary their development has been
limited by the existing facilities in the Computer resource laboratory
of the school of architecture and planning, as well as the particular
interests of the author, and was dictated by the desire to clarify those
principles that were critical for the comprehension of the essential
features of the whole environment, i.e. the modularity of the various
components of the system, the appropriate division of responsibilities
etc.
These programs are in some cases presented as a sequence
since the process for their development was limited in each case by the
available programming facilities within the environment of the modular
graphics editor that was utilized.
This mode of presentation was selected intentionally since
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the same process will characterize the actual full blown implementation
of these concepts, where several hierarchical levels of programming will
exist with different responsibilities assigned to the programmer at each
level and the programmer at the lower level will be constrained by the
programming environment set up for him by the top-level programmer.
As already described in the previous section it is this
differentiation of distinct "levels of action" which will enable the
user of the system i.e. the project architect, to satisfy his varying
needs for computer support in the complex process of design.
Two of. the programs whose description will follow are
dedicated to component building and through their description both the
reasoning that lead to the adoption of the parallel development of the
components of the building system with the computer based information
system, as well as the design considerations for the development of the
graphics editor resident part of a C.B.B.S. will come through.
The rest of the work can be conceived as supplemental
components of a C.B.B.S. forming part of the Open Computer System for
Architectural Practice which will be permanently resident within an
architectural firm.
This program is a customization of the modular graphics
editor to make it appropriate for the design of projects or parts of
projects which due to their particularities, practically do not allow
for constraints originating from functional standards or standardized
materials and components to be imposed to the designer. This feature
makes this facility particularly useful for the design of the non
systemic parts of a given project.
Since these programs were developed within the environment
of a modular graphics editor which provides an internal LISP programming
capability and they are meant to operate together with the graphics
editor in order to enhance it and make it suitable for a specific
application, they are in a sense developed to be overlayed to the
graphics editor which shall serve as some appropriate operating system
for the use of these programs. Therefore these LISP programs are
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referred to extensively as overlays to the graphics editor in the text
that will follow.
2. SYSTEMS BUILDING - MODULE 1
2.1 Introduction
2.1.1 General Information
This work is an overlay on AUTOCAD'S graphics editor that
makes it a suitable tool for the production of 2D representations of a
building which are consistent with the rules of a given closed building
system.
It incorporates a structured menu which allows for the
selection of subsystems within the closed system. The package offers
help on screen which indicated explicitly to the user the rules of the
system, as well as features which allow the user to be aware of the
rules of the system when designing without explicitly having to inquire
about them, e.g. appropriate snap and grid facilities etc. It also
offers an attribute extraction capability to a spreadsheet environment
for calculations and manipulation of alphanumeric data incorporated in
the drawing.
This facility was developed as an overlay on AUTOCAD
versions 2.00 and 2.01, during spring 1985. These versions of autocad
did not incorporate any capability for 3D representation of a building
and did not offer a true programming environment within the graphics
editor.
The programming consisted of the development of an
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appropriate menu by utilizing a set of conventions understood by
AUTOCAD, and the development of script files, i.e. text files that
invoke the execution of sequences of autocad commands. The facility also
required the development of the appropriate drawing files and slide
files which support the menu. The programming environment was indeed
very poor, practically non existent, but appropriate utilization of
various system variables set by the graphics editor in combination with
sophisticated use of commands in appropriate sequences enabled enabled
remarkable results.
However this project was an early demonstration of the need
for programming within a graphics editor in order to produce a graphics
editor that is flexible and suitable for individual needs and varied
applications. The experiment proved that even within a poor programming
environment the customization can produce impressive results that
increase the potential of the existing graphics editor for a specific
application and particularly for systems building.
The most important outcome however from the development of
this facility came from understanding of the limitations of attempting
to create a computer based information system that supported an already
existing structural system. The rules of the existing system were very
difficult to implement in the computer system without straining the user
and significantly delaying the design process with escessive zooming in
and out of the drawing for the insertion of various components. The
modular coordination imposed by the building system designer was so
restrictive and the rules so complicated that they imposed a
considerable strain on the whole facility in terms of the sizes of the
drawings that needed to be supported, the size and number of the
programs that had to be developed but above all the complication of the
process of interacting with the user that resulted. The result was a
compromize among the variable spans of the system which were retained in
order not to reduce its flexibility, but a modification of the
dimensions of the structural components in order to facilitate the
interaction with the user.
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Thus, very early during the course of this exercise the
limitations of this approach caused the deviation of the initial goal
and a move towards the parallel development of a computer system and a
building system which was more fully realized in the second module -
overlay on the graphics editor for systems building, developed in the
fall of 1985. The advantages of this second approach have been
extensively documented in the preceding sections of this document.
2.1.2 User requirements
In component building, a building is assembled from a number
of systemic elements that belong to various compatible sub- systems.
Each building System (or subsystem) implies the existence of an array of
such systemic elements along with a set of rules for their assembly. The
dimensions and properties of these components, the rules for their
assembly s well as interfaces with elements of other subsystems, have
been thoroughly examined and tested before industrial production of the
system commenced.
The task of the project architect is not to redesign, alter
or modify these elements in any way, but instead to make himself
familiar with the rules of the system and to design as rapidly and
efficiently as possible the desired layout that best fulfills the
building program without violating any of the systemic rules.
Thus, in a systems building environment, unlimited "freedom"
is no longer considered an asset but instead it is both dangerous and
inefficient. Dangerous since it is likely to lead to a deliberate or
accidental violation of the systems rules, often with disastrous effects
in the interfaces and assembly of the building components, and
inefficient, since it slows down considerably the work of the project
architect.
The primary role of the overlay to the graphics editor is to
enable the user of the computer system to become familiar with the rules
of the building system without the need of a reference manual.This can
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be achieved both directly through the use of a sophisticated help on
screen system, and indirectly through a number of facilities like
appropriate grids, as well as snap and layering facilities that would
indicate these rules and prevent the user from violating them.
Thus, within a computational environment appropriate for
systems building the user must be able to perform the following tasks
with reasonable ease:
a. Select compatible building subsystems among a list of
options.
b. Become familiar with the rules of the system. (Help on
screen etc.)
c. Design interactively on the screen during sketch design
stage.
d. Produce rapidly, accurate detailed construction drawings
directly after the sketch design phase without the need for
tedious insertions with excessive zooming.
e. Test flexibility of solution as well as compatibility
with the building program.
f. Analyse results for each potential solution, compare cost
etc. in order to reach objectively an optimum decision.
More specifically when working on a micro-computer
environment it is important to also take into consideration, issues
related to memory consumption and storage space available. This often
turns out to be an important issue since drawings tend to occupy a lot
of space for their storage. However, it is generally easy to develop
strategies in order to overcome such problems when working with a more
or less closed building system and a finite number of elements.
2.2 Significance of the project - Design Principles and Techniques
2.2.1 Significance in the Conceptual level
The development of this facility aided considerably the
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acquisition of several insights on the potential of a modular graphics
editor that is customizable the user requirements from the internal
programming capability, the usefulness of this environment to systems
building as well as the importance of parallel development of a physical
building system and a computer based information system that contains
the rules for the system.
More specifically the significance of this facility in the
development of the conceptual basis for this work can be summarized as
follows :
- It showed that a poor programming environment and
inappropriateness of already developed B.S. results in an increase in
the size and the number of the programs and the drawing files that
constitute this facility.
- It offered possibility to evaluate importance of good
programming environment as well as what features of such an environment
are more urgently needed.
- It offered possibility to anticipate the need to develop
building system and computer system in a parallel process in which case
both parts are likely to be more efficient.
- It indicated a scenario for the development and the
structure of a menu that is appropriate for a closed building system of
considerable size containing several compatible subsystems. It also
indicated the potential magnitude of such a facility and the need to
develop strategies to economize in memory consumption and storage space.
2.2.2 Significance in the Practical level
This facility is an overlay on AUTOCAD'S graphics editor
that makes it a very efficient tool for the project architect or the
student that would like to use such a closed Building system to design a
building. It is particularly efficient in the rapid production of 2d
drawings and its power is limited by the programming facility available
at the time within the graphics editor as well as other generic
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limitations of this editor (2D).
More specifically it allows the user to perform the
following tasks:
- To use the higher levels of the systems menu in order to
select a set of compatible subsystems to be utilized in a specific
project and test their flexibility and cost effectiveness, or to acquire
through the screen information on the rules of these systems.
- To use the main part of the systems menu, in order to
design relatively small floor plans, insert assemblies of elements and
components of various subsystems (Structural, partitioning, cladding,
plumbing, mechanical, HV-AC etc.)
- To use the automatic insertion option in order to quickly
assemble the structural system of large buildings, through a very swift
process that leads directly from the sketch design stage to the
production of accurate construction documents.
2.2.3 Design principles and techniques indicated
During the course of this work the necessity for the
utilization of several techniques for the design of the system became
apparent and the facility was designed accordingly. The most important
of the resulting design principles will be mentioned here.
A different approach is required for the user to be able to
efficiently use the system in projects of different scale. Several
building systems or subsystems are flexible enough to allow them to be
efficiently utilized in projects of very different magnitude. However
the C.B.I.S. has to adapt in order to meet user requirements which
change considerably according to the type and most important the size of
the project to be designed.
In the project this approach is demonstrated in the
development of the structural system. The user according to the scale he
is in can either utilize to insert the structural components by
selecting them form the library of parts or by picking assemblies of
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components and inserting them through scripts which facilitate his work,
or, can alternatively utilize the automatic insertion capability which
inserts whole wings of buildings automatically and is appropriate for
much larger building layouts.
An other important consideration already mentioned in the
user requirements is that of reducing memory consumption and storage
space particularly when working within a microcomputer environment.
In this facility large savings were achieved by the
technique of utilizing scripts to create complicated drawings from
simple parts and insert the assemblies upon request of the user. Thus
with only a few simple parts in the library the user is able to insert
with a single command a complex drawing which would have required a
large amount of space to be stored. Instead a script file was saved
which required a very small fraction of the space required for the
drawing.
The scripts were designed in such a a way as to be easily
updated with a new version of autocad, a fact which was proved in
practice by the fact that this overlay was up and running with autocad
2.15 during the summer of 1985 with less than a day's work. The savings
in storage space were considerable since the number of the complex
drawings that would alternatively have to have been created form the
simple blocks would have been many more than the simple ones, and these
savings allowed the facility to be stored on a single high density
floppy disk.
The introduction of the optical disk for storage of
information will obviously provide a more appropriate and permanent
solution to memory considerations, particularly for systems building
applications which involve data that does not require to be changed or
updated and is part of the master file.
One other important area that has been investigated is
related to appropriately structuring and nesting the menus that appear
on the screen and form part of the systems menu in such a way so as to
be both helpful for the user and compatible with rules set by autocad.
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Here we shall be particularly concerned with techniques that are of help
to the user since these are of more general interest regardless of the
limitations imposed by the environment of the specific graphics editor.
The hierarchical structure of the screen menu is
particularly helpful for systems building applications. It is
particularly useful for helping the user become familiar with a
particular system since each "page" contains only a few commands and
this allows the user to anticipate easily his next move by selecting one
of the few options available to him which appear on the screen. On the
contrary the tablet menu is better for acquiring an overview of the
multitude of commands but by its structure does not impose any hierarchy
to the user and therefore does not guide him efficiently in which of
these options he is allowed to select at any given moment.
Therefore since already in section 2 of this document it was
established that interface to a specific building system is very likely
to be utilized only once by a particular user and therefore it is not
expected or even desired for him to acquire experience in using the
system, the screen menu provides the best solution. Furthermore it can
practically store much more information than the tablet menu.
In the context of this facility for systems building the
tablet menu is of particular utility only when the user is prompted to
select from a large library of components of a given subsystem. However
ideally in the design of the system this will not occur and here again
is one example where inefficiency of the physical building system - too
many components ans therefore increased production cost - is matched
with inefficiency in the C.B.I.S. which requires the utilization of a
second medium which will attract the attention of the user besides the
screen. In both modules for systems building developed in the context of
this work, this did not occur, and the screen menu was sufficient to
convey the required information. However it is likely that in large and
sophisticated production systems the tablet menu will also be utilized
as a master template containing all the components grouped in clearly
defined areas according to the subsystem they belong in.
159
Once the utilization of the screen menu instead of the
tablet menu was decided several issues had to be resolved related to its
potential structure. The results of this investigation can be summarized
as follows:
- Excessive nesting of menus is not desirable however it is
often difficult to avoid.
- The structure of the menu has to depend exclusively to a
well studied, detailed scenario for the potential use of the facility
and the anticipated moves the user will wish to perform more frequently.
- Making the primary assumption that the user will spend
some time working on one subsystem before moving on to the next one, the
approach advocated is to facilitate the work within each subsystem as
much as possible.
- It is important to establish a "primary" menu for work
within each subsystem with which the user will soon become familiar and
from there let him explore the various optional facilities offered at
different levels of the screen menu.
- If the level of nesting is considerable within the menu
these "primary menus (one for each subsystem) should ideally be located
approximately half way down the hierarchical structure of the menu in
order to facilitate access to other "satellite" menus.
2.3 Detailed description of the facility
2.3.1 Design of the facility - Structure
An initial attempt was made to develop such a system by a
customization of Autocad version 2.01. This 2-d drafting package offers
a wide range of facilities that are of great relevance to the specific
application in mind. The spine of the facility is a relatively long
custom-made menu file, namely the "systems menu" which is supported by a
large number of script files, and several drawings of systemic elements
which facilitate the interaction with the system.
The higher levels of the systems menu allow the user to
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select what subsystem he intends to work with, (structural,
partitioning, cladding, electrical, mechanical, hvac, plumbing or AR-fix
etc.), to chose the specific subsystem he wants out of a list of
available options and to potentially to decide whether he wants to work
on plan elevation or isometric mode. However, only the plans can be
designed at present since for a two dimentional system the facility that
works in elevation is totally independent from that for the plan and the
exercise aimed at the indication of principles and design techniques and
not the development of a system to be utilized in practice.
The hierarchical nature of the screen menu seems to be very
suitable for this kind of selection process and it facilitates the
provision of help on screen at each level of decisions. The lower levels
of the screen menu allow for the selection of the appropriate grids that
facilitate the insertion of the elements of the specific system chosen,
as well as test whether the results are in accordance with the system's
rules. There is also facility for quick echoing on and off of the
various grids, which are different for each building system or subsystem
supported, as well as a facility for rapid change of scale.
The overlay also contains libraries of systemic elements as
well as assemblies of these elements. The help on screen at this point
becomes vital, providing information of the optional elements or
assemblies to be inserted, the location of their insertion base points,
rules of insertion, appropriate layer of insertion etc. The various
grids are linked with appropriate snap and layering facilities which
guarantee the insertion of the systemic elements according to the rules
and there is provision for an option for grids that appear on
hard-copies and those that only appear on screen.
Throughout the use of this facility the standard autocad
commands are always accessible to the user either through the screen
menu that at a different area can also incorporate the standard autocad
menu, or through the tablet menu and keyboard, however it is unlikely
that they will ever be needed. Furthermore they should be used with
caution and only by experienced users since they might disable some
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feature of the overlay with unpredictable results.
2.3.2 Features and use of the facility
This package allows the creation of very complex and
accurate multi-layered 2D drawings at a very small fraction of the time
it would normally be required for a similar job within standard autocad,
and what is most important, from relatively unskilled users. The menu
has been structured in such a way as to substantially aid in the
prevention of typical hazards that are likely to occur when beginners
have their first confrontation with a cad package. Such hazards may
imply entering information on the wrong layer, using an inappropriate
snap value leading to inaccurate drawings or excessive zooming, judging
incorrectly the optimum location of the insertion base point of various
blocks, etc.
This first overlay on autocad's graphics editor exclusively
dedicated to systems building, incorporates a coherent facility for the
development of the structural system which offers the user the option of
working at two different scales.
The user can either insert components or assemblies of
components or alternatively can produce accurate drawings of the
structural system of a whole portion -wing- of the building very rapidly
by utilizing the automatic insertion facility. This much more efficient
method however is not appropriate for generic use since it requires
large storage space in order to be maintained which is not justified
when the user simply wishes to crate a small floorplan. It is therefore
created to assist the user in projects with extensive and complicated
layouts. The user is guided through a 3-step selection process from the
screen menu and the system automatically inserts the structure for a
whole wing of the building in an area defined by the user.
This overlay also incorporates fully developed packages for
partitions and cladding. Here work can be performed only in a smaller
scale and with a smaller degree of automation, which is due to the fact
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that the placement of these subsystems involve many design decisions. It
was considered that a different approach which would tent to automate
this process would be particularly restrictive for the architect and
would imply that the system would have to make design decisions based on
assumptions that could well be questioned.
The system is capable both for the creation of accurate
drawings and production documents given a specific system, and for the
testing of the flexibility of the system or comparison with other
systems in terms of possible space and furniture arrangements, as well
as cost effectiveness of various solutions.
This last feature is to a large extent due to the
possibility of linking autocad with a spreadsheet environment (like
lotusl23) where calculations and analytical work can be rapidly
performed in order to test the variety of solutions quickly developed
within the system. Therefore this linkage, being of great use to the
systems designer that needs to test his system consistently against
various criteria and to the project architect that seeks the cheapest
and most flexible solution to fulfill his program requirements, is an
essential part of this package.
Also for the structural system a different application
enabling the automatic insertion of large portions (wings) of the
building has been developed mainly to be utilized in the creation of
large floorplans. The user is guided through a 3-step selection process
from the screen menu and the system automatically inserts the structure
for a whole wing of the building in an area defined by the user. This
process leads to much faster still production of drawings and is linked
directly with the sketch design stage, through standard features of
Autocad.
2.3.3 Maintenance of the facility
The systems menu is a relatively long menu file
approximately four times as long as the standard Autocad 2.01 menu file.
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Since grids for the insertion of elements and test of the rules of the
system with the accompanying snap and layering facilities are obviously
different for each specific building system it is important to develop a
completely different set of screen menus for each subsystem. However the
Systems menu is structured in such a way as to allow the quick
production of these screen menus within a text editor since they all
conform to the same precisely defined rules for their assembly. The same
applies for the large number of script files that support the screen
menu (approx 350 already developed). The subdivision of tasks among menu
file and script files for the automatic execution of series of commands
has been decided under the basic consideration of easy update of the
files in a text editor.
This initial description is followed by 2 tables, one
showing the structure of the systems menu by presenting the basic layers
of the screen menu with a short description of the tasks that each one
performs, and the other showing the actual menus that appear on the
screen.
Until this stage, there has been a lot of experimentation in
this project for the potential for economizing both in memory
consumption and most important in storage space on the disk, since this
issue is considered of major importance on a microcomputer environment.
This basically involved utilizing script files for the insertion of
assemblies of elements in the drawings instead of following the
conventional process of storing the assemblies as drawing blocks in the
disk. This eliminates the storage space to approximately one tenth, and
this process can be relatively easy to implement in an environment with
only a finite number of elements that are produced industrially and
assembled in a variety of ways.
The system at present can still fit into a high density
floppy disk but access time is getting increasingly slow and soon there
will be need to store it onto the harddisk. However still it is
essential to have a separate subdirectory for the proper use of this
application package that at this point of its development is supported
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by approx. 410 files.
2.3.4 Hardware and Software utilized
This study was performed with the facilities of the CRL of
the department of Architecture and Planning.
Hardware Utilized:
1. An IBM PC-AT (512 K RAM) connected to a monochrome monitor
and utilizing a Hercules graphics card.(+2 Asynch. cards)
2. A Summagraphics Bit Pad 2 digitizer.
3. A Plotter. (HP 7475 and later IBM)
Software Utilized:
1. DOS version 3.0 Operating System.
2. Autocad Autodesk Inc. Version 2.01
3. Lotus 123 Lotus Development Inc.
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PT114
(a) (b)
(c) (d)
Development of a floor plan by use of the building systems facility
(module 1). (a) Developing of the structural system. (b) The structural
system complete. (c) Use of auxiliary grid for the use of cladding and
partitioning subsystems. (d) Placement of the HVAC and Mechanical Core.
(e) Placement of fixed elements completed.
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(e)
Utilization of Module 1. to test suitability of Building System for
Low-rise Courtyard housing. (a) Typical corner unit floor plan. (b) Four
unit cluster.
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(e)
Few of the floor plan variations developed by the system. (a) Minimum
unit. (b) Second storey variations. (c) Expansion In one direction only.
(d) Expansion in the opposite direction (e) Expansion in both directions
- Corner units.
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COMPONENT BUILDING - MODULE 2
3.1 Introduction
This work is an overlay on AUTOCAD'S graphics editor that
makes the editor a suitable tool for the rapid creation of a 3D building
description, when utilizing a systems approach in building.
The development of this tool was based on a clearly defined
set of user requirements described earlier in this document in section
2. It is a facility that can be used by a project architect in the
design of a project which is going to be built with a previously
selected building system. The goal is to simplify his task without
converting him from his customary process of designing.
In the description of this facility which will follow,
design concepts already mentioned in the previous module will not be
discussed again. This package has been developed based on the experience
gained by the previous module, it is a continuation of the same
experiment within a more mature and friendly environment and can be
linked directly to the previous module. The document that describes the
facility is structured similarly and the reader is therefore assumed to
have some insight on the arguments presented in the description of the
previous module.
This overlay indicates the advantages of having a powerful
programming environment for the customization of the graphics editor for
specific uses, and the potential of LISP as a programming language in
this process.
3.1.1 The programming environment
This work is a continuation of the first module for
component building which was described previously in this document.
Although both packages - overlays on AUTOCAD'S graphics editor are
independent they represent a continuous effort towards the same goal and
are of particular interest when considered as a sequence.
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3.
This need to view these modules as a sequence is indeed
justified not only by the fact that the development of the second module
was based on the experience acquired by the development of the first but
also by the fact that the result reflects to a large extent the
significant changes in the environment within which these modules were
programmed.
Indeed as already stated previously, the impact of
microcomputers in the field of architecture has been considerable and
this environment has been evolving fast. The changes in this environment
over the last year have been impressive both in terms of hardware
developments and in terms of software that runs on the microcomputers
which is of relevance to architectural practice. The Computer Resource
Lab of the School of Architecture and Planning here at M.I.T. which
until recently has been exclusively microcomputer based, was a very
appropriate environment for one to anticipate these changes.
Thus, the second module, although developed only a few
months later than the first was programmed in a much more powerful
environment. The generic graphics editor, AUTOCAD, on which this second
module is too an overlay, was now versions 2.15 and 2.17f which both
contained 3D features and a new LISP interface for internal programming
and customization.
Both these new facilities were far from perfect. Autocad
2.17f is not yet a true 3D package, can only perform extrusions from the
XY plane, does not have capability for perspective, and incorporates a
particularly slow hidden line capability. The LISP interface (AUTOLISP)
on the other hand, is currently being debugged, has still several
problems related to memory allocation which enforce a rather poor
programming style which is closer to linear programming and does not
enable one to take fully advantage of the power of common LISP.
Furthermore there are several limitations preventing access
to AUTOCAD'S database and attribute information once initially stored in
a drawing are practically "lost" since there is no way to interrogate
the data base about it, to select a group of entities by attribute value
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etc. The only way to access attribute information once stored within a
drawing is to extract it and manipulate it outside. This however is a
serious limitation when attempting to customize the graphics editor
through internal programming.
However the improvement from versions 2.00 and 2.01 is
remarkable. Furthermore it seems that efforts of the software vendor are
concentrated towards the right direction. From a practically non
existent programming environment in the previous versions there is now a
LISP interface allowing programming in common LISP with the addition of
several autocad -specific commands and facilities regardless of the few
still existing serious limitations, as well as a wide range of system
variables which can be accessed by the programmer. From a 2D
representation we have moved to a primitive, but particularly useful 3D
facility which with several restrictions and a lot of strain from the
user's side can potentially create a 3D representation of the building.
Within a few months the attempt to internally program the
graphics editor in a microcomputer environment in order to build a set
of overlays that would make it a flexible and multi-purpose tool was no
longer a risky experiment but a potentially realizable goal. Several
software vendors already started to market such overlays with success.
If this progress continues with the same success both from
graphics editor suppliers and from individuals developing overlays for
these editors, the notion of the modular graphics editor and the open
computer system for architectural practice advocated in this thesis will
soon be an obvious reality.
3.1.2 User requirements - Goals
The primary distinction from the previous module developed
in the spring, is that this package is focused on the potential for use
of the facility by the project architect in professional practice. It is
therefore based on a set of assumptions about a probable scenario for
the use of the system and aspires to efficiently utilize innovative
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techniques that will make its use consistent with a desirable design
process.
It demonstrates the potential of building a tool which
guarantees that the incorporation of a particular subsystem in the
design of a building shall facilitate the job of the project architect.
This tool should allow the designer to become easily aware of the rules
of the system without forcing him to abandon his customary and preferred
design process. It also helps him produce the required construction
documentation with the minimum possible effort.
This facility is an overlay on a limited by nevertheless 3D
graphics editor and therefore has the potential of creating a 3D
representation of the building instead of being limited to building 2D
drawings. This fact alone makes it a much more powerful tool for the
application of systems building techniques in architectural practice.
The requirement of making it an useful facility for
architectural practice implies primarily the need to utilize the 3D
capability of the graphics editor and to force decisions to be taken as
early as possible in the design process. This leads inevitably to the
development of a powerful facility for schematic design as well as a
structure of the menu which provides the potential to evaluate the
efficiency of the solution at several stages of the design process.
Obviously different sets of evaluation packages have to be developed for
each stage of the design process.
This project was not restricted by a given building system.
Its goal was to indicate several design principles for a C.B.B.S without
accepting the limitations imposed by pre-existing building systems. The
goal is not the final product which requires much more research and a
far better still programming environment and generic graphics editor in
order to be efficient. Instead the purpose of this exercise is to
indicate the utility of some of the ideas presented previously in the
document and to illustrate the potential of already existing facilities
and the resulting improvement from previous work.
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3.2 Significance of the project - Principles and
Techniques Indicated
3.2.1 Significance in a conceptual level
The development of this facility provided particularly
useful insights on the potential for development of an overlay for
systems building to be used in architectural practice. Its significance
at the conceptual level can be summarized as follows:
- This overlay attempts to allow the introduction of systems
building techniques in architectural practice without converting the
practicing architects from their already developed process of designing.
- The overlay is conceptually divided into three clearly
defined parts. One provides the user with information about the building
system before he starts to utilize the system for the development of the
building description, the next guides him through the schematic design
process and helps him develop and select an optimal solution, and the
third is involved in the final design. There is also a facility for the
production of construction documentation.
- Decisions are taken as early as possible in the process.
Top-down design possible. Clear distinction between the kinds of
decisions that can be taken during the schematic design stage and the
final design stage.
- The overlay is structured in a way that allows the
utilization of separate sets of analyses packages at each stage.
- It indicates advantages and potential of LISP environment
for internal programming.
- It includes techniques for easy manipulation of a building
description of a reduced size created by the insertion of simplified
components, which by a process of automatic redefinition can produce the
final building description with the complete set of 3D components.
3.2.2 Significance in a practical level
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- This facility is of particular use to a project architect.
The goal is to make the process of designing a building to be built with
a particular pre-selected set of industrially produced building
subsystems very similar but a lot easier than designing a traditional
building. This tool is thus aiming in the facilitation of the
application of systems building techniques in architecture.
- This tool due to its 3D capability as well as techniques
for the transition among different subsystems is particularly sensitive
in the interfaces among various subsystems.
- The overlay incorporates a well developed schematic design
facility and has separate facilities for the final design and the
production of construction documentation. Accurate 2D and 3D drawings
can be rapidly and efficiently produced.
- Advanced and versatile techniques for the display of the
rules of the system both during the design process and through on the
screen tutorial. This part also to be used for marketing of the product,
in schools, etc.
3.2.3 Design principles and techniques indicated
The practical utility of the particular project has already
been described. It is important however to focus on the some of the
design strategies it illustrates :
The Potential offered by breaking up the menu into smaller
more manageable units. These menus are structured in a hierarchical way
in such a way that the user does not notice the fact that spine of the
facility is not one but several menus. This technique allows easier
management of the whole project and prevents excessive nesting within a
given menu which is both undesirable and often presents technical
problems.
Based on the previously described fragmentation of the menu
and by placing a top-level menu which is responsible for the appropriate
initial drawing setup the user has an option of saving time by utilizing
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a different initial menu according to whether he wishes to enter an
existing drawing or create a new one. Furthermore this arrangement
provides the option of directing the user to a different set of
applications according to the selected size and scale of his drawing
which determines the scale of his project. This is a more efficient way
to implement the principle of utilizing different techniques for the use
of a particular building subsystem according to the scale of the project
as described in the previous module for component building.
An other important technique that is demonstrated in this
module is related to savings in drawing time and response time on the
micro - workstation by redefining components. This technique allows a
drawing to be kept relatively small throughout the design process and
therefore to be manipulated with ease. When and if detailed drawings are
required, these can be produced automatically upon request at the end of
the design process. This automated process is part of the construction
documentation phase.
Ideally alphanumeric information is stored in the drawing
within the set of simple components that the user manipulates throughout
the design process, and from this information which is stored in the
form of attributes, the various analyses packages are run outside the
environment of the graphics editor. The set of final detailed components
do not necessarily need to be associated with attribute information.
The project also indicates a method for interactive
definition of attributes during the design process which saves the user
considerable amount of time. The user during the design process makes
several selections (e.g. regarding the type of a brick wall) which are
stored in variables. The definition of these variables is not only
responsible for the prompts the user will receive by the system but will
also automatically define the values of the various properties of the
attributes stored within the systemic part to be inserted.
This advancement saves storage space since there is no
longer need for several drawing files with constant attributes
representing variations of the same component type to be explicitly
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stored. Furthermore it permits the user to insert components, of any
size allowable by the rules of the building system, by utilizing a
single prototype drawing file. The user is also no longer prompted
explicitly for the attribute values of his component.
3.3 Detailed description of the facility
3.3.1 Design of the facility - Structure of the menu
This facility was developed on AUTOCAD 2.17f. This, still
not fully 3D package, is primarily oriented towards drafting and
applications for mechanical engineers, but with the LISP interface it
contains for internal programming as well as the good communication with
the environment around it, proves very useful as a generic graphics
editor to be further customized, and is probably the most appropriate
package for this purpose available in the microcomputer market today.
In this module, four menus were developed. The menu at the
highest level performs the initial drawing setup and is used optionally
when a new drawing is created. In the second level is the systems menu
which contains the structural system with a schematic design capability
as well as a final design facility and a facility for the production of
construction documentation. In the lowest level two menus have been
developed for the description of two alternative partitioning subsystems
which will be utilized during the detailed design stage.
Normally each menu contains information about a given
subsystem. However at the top level the menus are structured
differently. The highest level is responsible for the initial drawing
setup while the level below is dedicated primarily to schematic design
facilities which are developed by utilizing the rules of a certain
structural system. This technique allows the user to select a different
initial menu according to whether he wishes to edit an existing drawing
or whether he wants to create a new one. This selection process can be
automated by an appropriate setup script.
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3.3.2 Features and use of the facility
This package is designed according to the generic set of
user requirements described in section 2 of this document. It is meant
to be the drawing resident part of the C.B.I.S. and it aspires to meet
these requirements to the best possible extent despite the still serious
limitations of both the graphics editor and the programming environment
provided within it. It does not aspire to be considered a fully
developed final product but was developed in order to indicate the
design principles advocated previously in this document.
It incorporates features that allow the user to learn about
the building system and its rules (tutorial), to develop rapidly
alternative design layouts and potentially to evaluate them (schematic
design phase), to perform the final design and to produce construction
documentation. These features of the system shall be explicitly
described below.
A complete tutorial was developed for one of the
partitioning subsystems. It contains predetermined slide shows for
different topics which can be selected by the user from the screen menu
according to his needs, as well as a glossary and an enhancement of
AUTOCAD's help facility for the specific application. The slides contain
both text and graphic information as already established from the
previous module. A large portion of the slides has been numbered in a
way that allows the user to also view slides in several different modes
related to speed, backwards and forward, or to request to view a
specific slide.
This turorial can be used either for marketing purposes and
advertizing of the building system or subsystem, for the display of the
rules and utility of the system to the project architect in order for
him to decide whether it is appropriate to his needs, or for simply
conveying information about the rules of the system in order to ensure
some familiarity of the designer with the system. In this manner it can
also be utilized upon request during the interactive design of the
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project in order to clarify some principle or rule of the system.
A facility for schematic design of the system was also
developed, obviously linked with the structural system and its rules of
assembly. It allows the user to rapidly develop alternative project
layouts containing (built 3D) volumes which are compatible with the
rules of the particular structural system selected. The user can then
view these alternative layouts in 3D and evaluate these solutions in
several ways. This scenario enables the use of analysis subroutines at
various stages of the design process.
The facility for detailed design in which the user can
easily create the final building description containing the actual set
of structural elements appropriately placed. At this level the user is
likely to create a drawing containing detailed 2D images of the
structural components. These contain attribute information and can be
used for the production of floor plans as well as for further reference
in the database and the interfaces with the other subsystems production
of reports etc.
The process of creating the detailed building description of
the structural system is automated and very similar to the automatic
insertion facility of module 1. However it is not complete and can only
insert wings of one predefined span since its purpose is to indicate the
potential for link with the schematic design phase. It is entirely
reprogrammed in AUTOLISP.
The facility for selection among compatible infill
subsystems allows the user to decide which subsystem is more appropriate
for his needs and directs him according to his decision to the
appropriate menu for the partitioning subsystem.
Before the user starts to work with the infill subsystem the
drawing is appropriately automatically converted in order for it to be
suitable for further stages of the final design with the selected infill
subsystem (interior partitioning and cladding subsystems).
Two alternative infill subsystems are been provided at this
point. Both are based on different design principles for the insertion
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of the systemic components as well as the technique for the definition
of attributes. One of the system inserts components from a library of
parts with predefined attributes while the other creates the components
during the insertion by transforming a generic file and inserting a
template drawing containing predefined variable attributes that are
given a value automatically during the insertion process.
The module is also equipped with a facility for production
of construction documentation for the structural system including the
automatic replacement of the components with 3D components in a new
drawing and the development of final presentation drawings if so
required.
3.3.3 Maintenance of the facility
The second module for component building is even easier to
maintain than the first one for two reasons. First, the much more
powerful programming environment allowed for the development of an
efficient tool with the need of much less code both in terms of the size
of the menu and the number of the files that support it.
Most important however the weight of the program has shifted
from the menu and the script files, to AUTOLISP files. Since AUTOLISP is
a version of common LISP with a few autocad specific commands it is
obvious that the code is more generic and most unlikely to need to be
updated frequently than the script files that depended exclusively on
the internal syntax of the AUTOCAD commands.
To this, one must add that the drawing files too, which
support the program are considerably fewer than those of module 1. This
has to do with the more sophisticated techniques for the insertion of
attributes which were enabled by the improved programming environment
but also by the fact that the automatic insertion facility which
required a lot of support from drawing files was not included in full in
the second module but only to the extent that it demonstrated the
principle and potential to be linked with other parts of the overlay.
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interactive tutorial and the help
on screen from the second (brick)
partitioning subsystem.
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The skematic design phase. Use of module 2 to design a building according to the
rules of a structural system. (a) Hidden line removal (b) Wire frame. The actual
drawings are multicolored according to the floor the volume is inserted in.
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(a)
(b)
Detailed design of the structural system. The user selects the volumes and the
structural system is inserted automatically. (a) Structural system layout with 8
and 12 foot spans. (b) Detail showing auxiliary grids and floor elements.
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(a)
(c)
(b)
Details of structural system. Production of construction documentation stage.
(a) Junction of universal connector, beams and floor elements, in floor plan
without hidden line removal. (b) Axonometric of the structural system after the
redefinition of the 2-D structural components and their replacement with 3-D
components. - Hidden lines removed. (c) Detail of universal connector - Hidden
lines removed.
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The hardware and software utilized for this application is similar to
that of module 1. and will not be explicitly mentioned here. AUTOCAD in
this case is version 2.17f instead of 2.01.
Automatic replacement of volume indicated by a box during the schematic design
stage, with a complete representation of the structural system.
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DESIGN FACILITY FOR NON SYSTEMIC BUILDING MODULES
4.1 Introduction
This work is an overlay on Autocads' graphics editor that
makes it a suitable environment for the creation of floorplans for
projects where the user does not wish to be restricted with constraints
related to standard widths of walls or angle for their placement.
This could well be the case with a project where the
architect is asked to modify an already existing building or operate
within a vernacular environment. In this case it is likely that a large
number of walls are not parallel to an orthogonal system, do not
intersect in right angles, are all of different width and contain
openings, windows and doors which are custom made and each one of
different size and type.
In this environment, it is obvious that all constraints
imposed by most graphics editors upon their users in exchange with speed
and efficiency are not relevant. However this does not imply that the
architect has to go through a very lengthy process for the insertion of
each individual entity of the drawing, or through very complicated
procedures or a trial and error process, that will allow him to
calculate or eventually approximate the right position and appropriate
size and rotation angle of a door or a window.
Indeed this facility proves that even when working within a
microcomputer environment which still imposes several limitations
related to speed, memory etc.,it is possible to develop a tool that is
both flexible and efficient and performs such operations in a generic
way and fast.
This facility is a very important addition to a general
computational environment for architectural practice. It is a very
generic facility that can be used in several applications by the project
architect. In the context of this thesis it also proves to be a very
useful facility for the design of the non systemic parts of the
building.
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4.
It is thus primarily a very efficient drafting tool,
designed to operate optimally within a particular well defined
environment. However it can also be considered as an aid to the design
process since it provides the user with a very efficient tool for fast
visualization of his idea without him having to waste time and energy in
mechanical details related to the use of the system that abstract him
from his design.
Some of the commands included in this facility contain
expertise that is useful to the user when he performs certain simple
design tasks and drafting routines within the previously described
context. This expertise is embodied as a set of underlying rules which
are accessible to the expert user and can therefore be reprogrammed
according to the specific needs of the project he is currently working
on.
4.2 Design Principles demonstrated by the
facility
Besides the practical utility of this facility for system
building as a tool that facilitates the design of the non systemic parts
of the building, as well as its generic use within a general computing
environment for architectural practice which make it a commonly used
overlay to the graphics editor, this facility was developed in order to
demonstrate two principles for the design of such tools. The first is
related to a strategy for clearly identifying user requirements and most
urgent user needs before starting to design the facility and thus not
ending up turning it into a global tool and the second is related to the
techniques with which expertise can, and should be built into such
facilities.
The design of the tool proved that flexibility and
efficiency (speed) are not incompatible for the design of such a
facility. However, it is important to note that this was achieved
because there was a very well specified set of performance
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specifications for the facility which derived from a similarly well
defined scenario for its use. This is a tool which performs well in a
very narrow and well defined field. If user needs expand, this implies
the design of an other module that will be a more appropriate overlay to
the graphics editor that will cover these new needs but will most likely
not cover some of the area that the previous one did. It does not imply
that the old overlay will expand to cover these needs.
This is a primary design consideration and is justified by
the nature of the activity of designing that the architect performs. THe
design process is very difficult to optimize, depending primarily upon
the particular characteristics of each project as well as preferences
and habits of the individual designer. Thus there is no limits in the
amount of different subroutines one can program in order to perform
specific tasks at various environments. However, this vast number of
different subroutines that perform similar tasks, if they are all parts
of a global graphics editor can only create confusion to the user and
make the efficient use of the editor very difficult and improbable.
Instead they should be contained in well defined packages-overlays. Each
overlay should have a very narrow, clearly defined area of efficient
performance. In this way the user simply selects the overlay according
to his needs, and is automatically provided with those variations of the
various routines for designing and drafting which are more suitable for
the project he wishes to work on or the task he is currently engaged in.
The design strategy that the programmer follows in order to
design such a module-overlay to the graphics editor is to clearly define
a set of user requirements for his specific application, program those
routines which are most urgently required in order to fulfill these user
requirements and most likely to be generically utilized.
Thus this overlay, has a narrow and well specified purpose.
Unlike others to be utilized for component building, does not aspire to
automatically back the graphics editor with the maintenance of a data
base which contains alphanumeric information. It is also inappropriate
for designing with a grid and snap facility turned on. Since it does not
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aspire to be a general purpose enhancement of autocads graphics editor,
expansions which would enable it to cover such areas and at the same
time increase the size and the difficulty of use of the facility, were
considered inappropriate and were ommitted.
The second principle that this facility stresses is the
extent to which meta-commands which are programmed and run within the
programming environment of the graphics editor can contain expertise and
function as small and crude expert systems. The issue here is in what
way the user should become aware of this expertise.
The.'idea is that yes, expertise can be incorporated
efficiently in such commands and be of use to the architect. If one
wants to make a modest statement)6 may claim that these are simply
small analysis routines that perform some calculation and test the
result against a set of rules. According to the result of this test they
provide the user with relevant information.
However these routines are more sophisticated than they at
first seem and can be safely approximated to expert systems. Indeed they
are very small and contain a very small, "minimal", knowledge base.
Still several relatively trivial tests have to be performed during the
design of the project which however do require a small amount of
expertise. Furthermore they are repeated very frequently a fact which
makes it very inconvenient to have to exit from the graphics editor and
enter a expert system shell in order to be provided with an answer.
Expertise within a general computing environment for
architectural practice cannot be isolated within smart modules of the
system. Indeed there are areas where considerable amount of expertise
must exist implying the creation of a large knowledge base to be used by
an expert system, but there are more trivial tasks which still require
expertise without justifying the need to built and have to access a full
size expert system in order to get to it. It is only within the
environment of the graphics editor that they this expertise can be
found.
This is the kind of expertise that is appropriate to be
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embodied within a series of "meta-commands" which are invoked by the
user when he wishes to perform a particular design operation. The
evaluation routine is executed automatically at some stage of the
execution of the "meta-command". It tests the users' input against a set
of rules. The facility prompts the user only if necessary. Otherwise the
user is unaware of its existence. This constitutes an different and
quite innovative approach for dealing with several relatively trivial
design tasks than attempting to access a conventional full sized expert
system which has to be invoked explicitly by the user.
With the proposed approach, the system supports the user in
his work by watching his moves and intervening only when some principle
rules have been violated. It justifies his suggestions and very
infrequently enforces them on the user. It incorporates knowledge stored
as a set of rules, it justifies its answers and can be easily
reprogrammed by the expert user. The expertise is also immediately
accessible by the user, since the evaluation is performed automatically
whenever the user performs geometric data manipulation in the process of
designing a building.
This approach indicates a way to break up expertise and
store it within the components of the overall computing environment. The
other way that has still a lot of technical problems for its
implementation, is the design and use of large expert systems that are
invoked explicitly by the user to perform specific complicated tasks.
If this principle is followed and such "smart" overlays
containing fragmented expertise embodied in several "meta commands" are
developed, we shall move towards more intelligent computer environments.
Also rapid developments in the area of expert systems and particularly
in the now very limited capacity for input of knowledge and expertise
into such systems will generalize the use of such systems as large
intelligent components of a general computational environment for
architectural practice. These systems, designed to perform efficiently a
very specific task that requires a large amount of expertise will reside
outside the graphics editor and will be appropriately interfaced with
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it. Thus expertise will be incorporated in the environment both within
and outside the graphics editor. The parallel development of both areas
will help create an intelligent computer environment suitable for
architectural practice.
4.3 Description of the facility.
This application focuses on the manipulation of geometric
entities. It consists of a set of generic functions that are linked
together into complex "meta-commands" which perform these manipulations.
It is entirely programmed in Autolisp which is a version of common LISP
running within Autocad and including several specific commands suitable
for the autocad environment as well as several limitations related
primarily to memory allocation issues as well as difficulty in accessing
Autocads data base.
The package includes facilities for the insertion of walls,
for breaking of walls and creating openings, as well as inserting doors
and windows in the openings. It manipulates entities at any angle and
requires minimal input from the user.
The primary facility of the package inserts walls of any
length and any width within the current layer of the drawing. The walls
are specified by two point and can be of any angle. It also includes
facility for the insertion of walls perpendicular to these walls and
performs the connection automatically with the specification of only one
point in the case of a "T" or "L" connection or two points in the case
of the "+" connection.
The facility for breaking walls allows the user to create an
opening of any size to an existing wall drawn at any angle. It
incorporates features that allow the user to select very rapidly the
starting and ending point of the opening without concern with accuracy
(points can be anywhere on the plane at any distance from the wall)
while the system snaps automatically to the point on the axis of the
wall and performs accurately the manipulation of the drawing.
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The facility for automating breaking of an existing wall and
insertion of a door is based on a more complex subroutine. It contains
the same sophisticated input facility for the breaking of the wall with
the previous program but it also automatically inserts in the opening
that is created, a door of a user specified type which has the length of
the opening. The user is required to specify one more point to indicate
the side of the wall where he wishes the door to open towards.
There is a similar facility that performs the same task with
the previous one, however it also has expertise built into the program.
When the user specifies the size of the opening for the wall to be
broken and the door to be inserted, the program does not immediately
perform the request but first goes through a sequence of calculations in
order to determine the suitability of the opening for the insertion of a
door according to a set of rules, "knowledge", that has been
incorporated within it. If it finds that the width of the opening is
well below an absolute minimum or well above an absolute maximum, making
it impossible for a door to be inserted, it responds with a prompt that
the size of the opening is too small or too large and kicks the user out
of the subroutine without breaking the wall. If the opening is rather
small or rather large but still possibly desirable in extreme situations
it notifies the user of this fact and lets him or her decide whether
this is intentional and he wants to continue, or not in which case
instructions are provided that enable the user to get out of the
subroutine. If the opening is of reasonable size, the program continues
its execution without prompting the user and performs the rest of the
subroutine which breaks the wall and inserts a door as already
described.
This facility also introduces the concept of incorporating
expertise within a program which displays information to the user
whenever he violates some rule without him necessarily having to ask for
it. This is very important since during a large number of simple design
tasks there are rules which should not be violated and obviously the
user cannot practically explicitly ask each time whether he has violated
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one. Furthermore in some cases it is much more efficient to detcct
whether some operation is undesirable before it is performed than after
it has been completed.
In this facility, the expertise is available, incorporated
into the program as a set of rules, in order to ensure that the doors
inserted are of appropriate size for a person to walk through. However
the existence of this expertise, only becomes apparent to the user when
these rules are violated. The extent to which the expert system
intervenes and the decisiveness with which it reacts, is based upon the
extent of the violation. Also the system when making a particular action
justifies its reaction to the user and furthermore, is sometimes ready
to accept from him a deviation from the rule, i.e. treats him like an
expert that must have some reason to deviate from the rule which is a
legitimate approach to take in the case of design.
Thus the system acts as a decision support system supporting
the user in his decisions and only very infrequently is forced to
actually make a decision for him. Even in this case however, there is
some alternative option for the user, as for example the use of the
program which inserts doors without expertise, which for this reason
remains an important component of the whole package. One should consider
the inventiveness of a draftsman that may decide to utilize the
subroutine which was designed for the creation of doors in an other way
as for example for the creation of closets of cupboards which might be
represented graphically by the same symbol. In this case the expertise
embodied within the door subroutine would be considered a frustrating
limitation.
However this infinite degree of flexibility cannot be the
the goal in all applications. It would for example be considered a
serious handicap in the case of structural analysis where the system has
indicated failure of a component, as well as in several systems building
applications where the rules for the interface of the components have to
be respected at all cost,
The facility for insertion of doors in already existing
199
openings of walls, operates primarily the same way as the previously
described ones. It obviously does not have to break the wall, the user
picks an opening instead of a wall and the program contains the expert
facility. However it offers one more level of flexibility allowing the
user to select the direction for the door to open independently from the
side of the wall on which the door is inserted, making it an extremely
handy tool for the insertion of doors in a floorplan with thick masonry
walls.
The facility for insertion of windows in already existing
openings as well as in walls that have to be first broken before the
window is to be inserted, is structured the same way with the facility
for the insertion of doors. However these are much simpler since there
is symmetry over both the longitudinal and the lateral axis of the
window when seen in plan and therefore the number of options that have
to be checked each time are less.
In the case of windows, two sets of programs were developed.
One inserts the window near the interior side of the wall and the other
near the exterior side. All four programs for the insertion of windows,
either for solid walls or for existing openings contain a facility for
incorporating knowledge into them, which acts as some kind of empty
expert shell and by default is not active or apparent to the user in any
way. This shell contains some rules to which the user has to add some
specific knowledge (most likely a few numbers) in order to have the
system help him remain consistent with some rules in his design.
Thus, if the user decides that the size (width) of the
windows of a particular building should not exceed a certain amount
throughout his project, either due to environmental constraints (e.g.
vernacular environment, Building regulations etc.) or for structural
reasons (e.g. load bearing masonry walls) he or she can easily acquire a
custom made facility suitable for the particular project. This
capability of the system also indicates the advantages of working within
a general computational environment for architectural practice which
enables and facilitates in house programming, by utilizing a modular
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programmable graphics editor.
The menu is structured in two levels. The top level shows to
the user the options available by this facility and also provides help
on screen which explains both the use of the overlay as well as its
structure. From the top-level menu the user is directed either to the
walls menu or to the doors-windows menu.
The walls menu is used to invoke the set of "meta commands"
that are utilized in the process of inserting (creating) walls, joining
them as well as breaking them and creating openings. It also contains a
help facility which appears on screen upon request and describes the
function of each command. The doors and windows is used to invoke those
commands which insert windows and doors either on existing walls or in
existing openings. It also contains help facility for these commands
similar to the one for the walls menu.
It is important to note that the help menus are designed in
a way that utilizes both text and graphical representations in
displaying information. It also makes use of the effect different colors
have in attracting attention. The text is displayed in different colors
according to the message displayed and two graphic figures accompany the
description of what each command performs, indicating the geometric
entity upon which the command performs the manipulation "before" and
"after" the command is executed. Unfortunately colors cannot be
reproduced in this document however figures of help menus are included
in this document.
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THE WALLS
MODULE
OVERLAY TO AUTOCAD'S
DRAWING EDITOR. DEC 1985
This facility is usefut for
fast and efficient creation
of floorplans in projects
where watts are likely to
be placed at randon angles
or have various widths.
Such projects with only a
small degree of unifornity
are renovations or work in
a vernacular environment
In the case of component
building, this facility is
usefull for the design of
the non-systenic parts of
the building.
The facility contains expertize
The underlying rules are
accessible to the expert user.
V S MODULE
2 WALLS
1
WALLS
PACKAGE
WALLS
DOORS
WINDOWS
HELP
LASTMENU
ROOTMENU
3 DOORS WINDOWS
2
WALLS
INS WAL
IN WperT
IN WperL
IN Wper+
BREAK WA
BR DI WA
HELP
LASTMENU
ROOTMENU
3
DOORS
WINDOWS
INS DOOR
ExpertDR
ExDRinOP
WINexter
WINinter
WINextOP
WINIntOP
HELP
LAST MENU
ROOTMENU
General structure of the Walls Module. Suitable for the design of non
systemic building modules, or Interventions on existing buildings.
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(a) HELP FOR WALLS FACILITY OF WALL MGDULL RA
The commands provided by this facility CREATE, JOIN return
and BREAK walls of ANY WIDTH OR ANGLE. dr*w'ng
INS VAL Inserts watts of any width at any angle
IN VperT Inserts + Joins new watts -to existing (T con.)
IN WperL Inserts + Joins new watts to existing (L con.)
IN Vper+ Inserts + Joins new watts to existing (+ con.)
BREAK WA Makes openings in horiz. and vert watts
BR DI VA Makes openings in existing watts (rand ang)
BEFORE AFTER
CM 13
HELP FOR 'DOORS AND WINDOWS'
FACILITY OF WALL HODULE
The comands provided by this - facility
insert doors and windows on watts
of any width or any angle.
INS DOOR Inserts doors on existing watts.
ExpertDR Inserts doors on walls + provides expertize.
ExDRinOP Inserts doors on existing openings. (+ expertize)
WINexter Inserts windows on exterior side of existing wall
WINinter Inserts, windows on interior side of existing walt
WINextOP Inserts windows on existing opening (exterior side)
WINintOP Inserts windows on existing opening (interior side)
Help menus developed
explaining the use of
and Windows facility.
Some Commands RERAW
contain [To t
EXPERTIZE return
BeO underlyng A TE
rules .cresobt, ding
to expert User
BEFUR[E AFTER
EXT
EXT
EXT
EXT
EXT
EXT
for the various levels of the Walls Module
specific commands. (a) Walls facility. (b) Doors
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(b)
EPILOGUE
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EPILOGUE
The generalization of the use of computers which we have recently
started to experience, due primarily to a dramatic decrease in the cost of
hardware, is likely to very rapidly change the image of the world we live in.
It is hard to predict exactly what these changes might imply, and how each
profession might be affected by them. Within this context, several
individuals have attempted to envision future scenaria for the building
process, the roles of the various professionals within this process and the
role of the architect in particilar.
This thesis did not aspire to make long term projections for the
building process, issue which indeed involves a great degree of
unpredictability. Instead, it has followed a down to earth approach, by
observing the roles of the various participants within the currently
prevailing building process and proposing a scenario that is likely to be
realized in the near future.
This document was focused on a scenario for a computing
environment that favors the application of Systems Building in Architecture.
It has attempted to illustrate a way by which the cost of the design process
can be significantly decreased, with a parallel increase in consistency of
the output, and considerable savings of resources for the production of the
built environment.
This innovative proposition is made possible by the integration
of systems theory and powerful computer tools for the manipulation and
handling of information. It is presented in the concept of a C.B.B.S. which
assumes for its realization, the computerization of small architectural firms
and the existence of an Open Computer System for Architectural Practice as
presented in this document.
With the rapid developments in the area of Architectural
Computing, Expert systems and Knowledge engineering, as well as the powerful
hardware support for computer systems that is becoming more affordable, it is
likely that we shall witness in the immediate future the necessary changes
required for this scenario to be implemented.
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Architectural firms are likely to be computerized in the near
future for reasons not necessarily associated with the concepts presented in
this thesis. Cheap microcomputer facilities will very rapidly invade
architectural firms in order to help them eliminate waste of resources for
the performance of repetitious jobs. A graphics editor is likely to be for
still some time to come the central core of the computer system of an
architectural firm due both to previous education of architects as well as
the nature of their profession and specific interest in graphics and visual
representation of the buildings they design.
It is very likely that the proposed scenario for an Open Computer
System for Architectural Practice will be generically implemented, since it
implies a particularly efficient use of computer facilities within an
architectural firm. If this happens, the road will be open for the generic
utilization of Systems Building in Architecture, by the use of Computer Based
Building Systems.
All participants in the building process have increased interest
in the development and use of C.B.B.S.'s. The product (systems) manufacturer
has a good way to advertise and promote his product, facilitate its
utilization, and develop a more efficient and easy to use building system.
For him the C.B.B.S. is a much better marketable product than a paper based
Building System. It is also more efficiently designed while the cost for its
production remains the same or less of that of a conventional "Paper based"
building system.
The project architect saves a lot of time and effort by utilizing
a C.B.B.S. as opposed to a conventional B.S. since he is not forced to
explicitly learn the rules of the building system he is going to use. He is
also no longer responsible for ensuring that the design is consistent with
the rules of the B.S. since the system performs this check for him.
Furthermore the use of the C.B.B.S. implies the simplification of the design
task, since a lot of design decisions of a minor scale are already made for
him by the by the designer of the Building System, as well as the elimination
of all repetitive tasks that are conventionally part of the responsibilities
of an architectural firm, ie. production of construction documentation etc.
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Therefore the cost of design services can be significantly reduced with the
use of C.B.B.S. without any reduction in the quality of the output. This
allows the architect to be able to provide their services for the design of a
much larger portion of the built environment. This not only is important for
the architectural profession which will thus be able to find itself able to
play a more decisive role in the development of the built environment, but is
of common interest to all participants in the building process and especially
to the users.
The users will find that their needs will be more efficiently
met, since the reduced cost of the design process will allow them to hire
-directly or indirectly- professional architects whose services they could
not previously afford, in order to assist them in the creation of a more
human built environment. Furthermore they will find that the cost of the
buildings will be significantly decreased while their efficiency will be
increased due to utilization of efficient and previously designed building
systems.
Systems Building, if efficiently applied in the building process
in a way that allows for an open system approach, can produce an output which
will not only conserve valuable resources for its creation and maintenance,
but will also prove very satisfying to the user. Associations with a
mass-produced and sterile environment will no longer be relevant since the
utilization of small and cheap computer facilities will enable the
utilization of the systems approach to building for relatively small projects
too. The application of systems building in Architecture will not depend upon
the existence of conditions that are only likely to be found in rare
occasions, i.e. large scale of project or need for speed etc.
The two notions presented in this thesis, that of the Computer
Based Building System and that of the Open Computer System for Architectural
Practice, constitute an appropriate environment for the application of
Systems Building in Architecture. It is hoped that this work will serve as a
starting point for relevant future research in this promising area.
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